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The Association Between Nursing And Burn Patient Outcomes
Abstract
The consequences of severe burns are profound, resulting in complex metabolic changes that can
adversely affect every organ system. Nurses provide much of the direct care and ongoing professional
clinical surveillance that burn patients require to survive and recover. Evidence suggests nursing
resources vary substantially across hospitals, but surprisingly little research has been directed to
understanding whether this variation is associated with burn patient outcomes. Some hospitals that care
for a high volume of burn patients have better patient outcomes, but this finding is inconsistent. One
explanation is that existing studies have not focused on nursing. This study examined whether nursing
resources, including patient-to-nurse ratios, nurse educational preparation, and the quality of nurse work
environments are associated with mortality in adult burn patients. A multivariable regression model
including a linked cross-sectional database of nurse, patient, and hospital data from 2005-2006 was
employed. The sample included reports on care by 29,586 nurses in 653 hospitals and independent
information on the outcomes of 14,064 patients with a burn diagnosis. The main hypotheses tested were
1) nursing resources would be associated with whether patients survived their hospital stay, and 2)
differences in mortality observed at high versus low-burn patient volume hospitals can be at least partly
explained by nursing. No direct effect of nursing resources was found on mortality; however in the
multivariable model with interaction terms, nursing was significantly associated with mortality in highvolume hospitals. In high-volume hospitals, each additional patient added to a nurse’s workload increased
mortality odds by 30%, and each unit improvement in the nurse work environment score decreased
mortality odds by 28%. These findings suggest that the difference in mortality odds between high and
low-volume hospitals depends, in part, on nursing. The implications for practice are that high-volume burn
hospitals cannot trust that their burn outcomes will be superior because “practice makes perfect.”
Instead, it is a high priority to support excellent nursing care by limiting the number of patients each nurse
cares for and ensuring that the nurse work environment supports nurses’ professional autonomy,
effective nurse leadership, positive team functioning, and positive interprofessional relationships.
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ABSTRACT
THE ASSOCIATION BETWEEN NURSING AND BURN PATIENT OUTCOMES
Amanda Bettencourt, MSN, APRN, CCRN-K, ACCNS-P
Dr. Linda H. Aiken, PhD, RN, FAAN, FRCN
The consequences of severe burns are profound, resulting in complex metabolic
changes that can adversely affect every organ system. Nurses provide much of
the direct care and ongoing professional clinical surveillance that burn patients
require to survive and recover. Evidence suggests nursing resources vary
substantially across hospitals, but surprisingly little research has been directed to
understanding whether this variation is associated with burn patient outcomes.
Some hospitals that care for a high volume of burn patients have better patient
outcomes, but this finding is inconsistent. One explanation is that existing
studies have not focused on nursing. This study examined whether nursing
resources, including patient-to-nurse ratios, nurse educational preparation, and
the quality of nurse work environments are associated with mortality in adult burn
patients. A multivariable regression model including a linked cross-sectional
database of nurse, patient, and hospital data from 2005-2006 was employed.
The sample included reports on care by 29,586 nurses in 653 hospitals and
independent information on the outcomes of 14,064 patients with a burn
diagnosis. The main hypotheses tested were 1) nursing resources would be
associated with whether patients survived their hospital stay, and 2) differences
in mortality observed at high versus low-burn patient volume hospitals can be at
v

least partly explained by nursing. No direct effect of nursing resources was
found on mortality; however in the multivariable model with interaction terms,
nursing was significantly associated with mortality in high-volume hospitals. In
high-volume hospitals, each additional patient added to a nurse’s workload
increased mortality odds by 30%, and each unit improvement in the nurse work
environment score decreased mortality odds by 28%. These findings suggest
that the difference in mortality odds between high and low-volume hospitals
depends, in part, on nursing. The implications for practice are that high-volume
burn hospitals cannot trust that their burn outcomes will be superior because
“practice makes perfect.” Instead, it is a high priority to support excellent nursing
care by limiting the number of patients each nurse cares for and ensuring that the
nurse work environment supports nurses’ professional autonomy, effective nurse
leadership, positive team functioning, and positive interprofessional relationships.
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CHAPTER 1: INTRODUCTION

The optimal organization of clinical care resources to achieve the best
possible patient outcomes for hospitalized patients is still relatively unknown.
The complexity of the healthcare delivery system coupled with internal and
external financial, political, and patient-specific motivators has resulted in clinical
care delivery that is fragmented and highly variable from hospital to hospital.
Evidence suggests that when patient care is highly variable, adverse events
occur more often (Mitchell & Shortell, 1997), and outcomes are inconsistent
(Brennan, Daly, & Jones, 2013; Shahian & Normand, 2003). Burn patients are
no different.
Problem Statement
Burn patient outcomes likely depend on nursing resources. Burn care
involves substantial clinical time that exceeds the time nurses spend with many
other patient populations (Steen et al., 2016). Currently, the necessary nursing
time is not reliably accounted for in hospital acuity systems or staffing matrices
(DeJong, A., Leeman, J., Middlekoop, 2009), resulting in high levels of clinician
burnout (DePew, Gordon, Yoder, & Goodwin, 1999) and an unknown effect on
care quality and patient outcomes. Additionally, the multidisciplinary and intense
nature of burn care reinforces a need for healthy nurse work environments,
including appropriate staffing, skilled communication, authentic leadership, and
true collaboration (American Association of Critical Care Nurses, 2016). The
1

current regional designation process from the American College of Surgeons
(ACS) includes standards for patient and surgeon volume and program
infrastructure but does not include any specific criteria for nursing resources
(American Burn Association, 2017). As a result, nursing resources are highly
variable in burn care areas and likely not optimal. Previous research testing the
direct influence of nursing on vascular surgery patient outcomes suggests
improvements in outcomes from the increased patient volume are contingent on
nurse staffing and the work environment in which nurses practice (Wiltse-Nicely,
Sloane, & Aiken, 2013). The nature of clinical nursing care is very different for
vascular surgery patients than burn patients, so there is a potentially more
substantial effect of nursing on outcomes when we examine the burn patient
population.
Hospitals with more experience caring for complex surgical patients
typically achieve better outcomes (Shahian & Normand, 2003), resulting in the
main argument for the regionalization of surgical care (Birkmeyer, 2000). Further,
surgical patient outcomes are likely closely related to the nursing care delivered,
as nurses perform the surveillance and postoperative complication monitoring
required to prevent morbidity and mortality after a surgical procedure. Burn care
expertise is highly regionalized with roughly 60 high-volume burn centers
currently existing in the United States. Despite the direct effect of patient volume
on outcomes for other patient populations (Birkmeyer et al., 2002; Dimick et al.,
2003; Shahian & Normand, 2003), the burn and trauma literature relating patient
2

volume to outcomes is inconsistent (Bennett, Vaslef, Pappas, & Scarborough,
2011; Caputo, Salottolo, Slone, Mains, & Bar-Or, 2014; Hodgman, Saeman,
Subramanian, & Wolf, 2016; Konvolinka, Copes, & Sacco, 1995; Light et al.,
2009; Palmieri et al., 2015; Richardson et al., 1998), suggesting the influence of
other unmeasured factors, such as nursing resources, in addition to hospital
patient volume (Kim, 2013). Because a burn patient is typically hospitalized for
1.2 days per percent of body surface area burned (American Burn Association,
2016), it is likely that burn patients are highly sensitive to nursing care due to
their relatively long lengths of stay and complex care needs. To date, no studies
have directly tested the influence of nursing on burn patient outcomes.
Study Purpose, Specific Aims, and Hypotheses
The purpose of this study was to analyze the relationship between burn
patient outcomes and nursing. The specific objective was to test the relationships
between nurse staffing, nurse education level, and nurse work environments and
patient mortality in a large sample of hospitalized patients with a burn diagnosis.
The central hypothesis was that differences in nurse staffing, education and the
work environment explain, at least in part, the variation in burn patient mortality in
hospitals. This hypothesis was formulated, in part, based on robust preliminary
data suggesting nursing resources are associated with improvement in patient
outcomes of all kinds (Aiken, Clarke, Sloane, Lake, & Cheney, 2009; Aiken,
Clarke, Sloane, Sochalski, & Silber, 2002; Brooks Carthon, Kutney-Lee, Jarron,
Sloane, & Aiken, 2012; Lake et al., 2016; McHugh et al., 2013; Wiltse-Nicely et
3

al., 2013), and burn and trauma patient data that suggests an inconsistent
hospital clinical expertise and outcomes relationship (Carter, Neff, & Holmes,
2010; Holmes et al., 2011; Palmieri et al., 2015). The rationale for this study is
that burn patients require complex nursing care over an extended period of time,
so their outcomes are highly nurse-sensitive. Further, burn care represents a
model of regionalized specialty care. The majority of burn care concentrates in
high-volume burn centers, however, not all burn care occurs in regionalized highvolume centers. The concentration of burn care in high versus low volume
centers provides insight into how nursing resources relate to the volume and
outcomes effect reported in the broader literature for surgical patients. To test
these hypotheses, an observational retrospective cohort study of burn patients
using existing nursing and hospital data and inferential statistics was used to
evaluate the following Specific Aims:
Specific Aims:
1.) Test whether hospital nursing resources such as the patient-to-nurse
ratio, nurse educational preparation, and the nurse work environment
relate to mortality in adult hospitalized burn patients.
2.) Test whether hospital nursing resources influence the relationship
between burn patient outcomes and hospital burn patient volume.
Study Significance
The variability in burn patient outcomes observed between hospitals likely
relates to nursing resources. Further, because of their care needs, burn patients
4

provide a unique insight into the relationship between nursing resources, hospital
patient volume, and patient outcomes. Understanding the relationship between
nursing resources and burn outcomes will 1) support nurse and hospital leaders
to make informed decisions about investments in nursing resources to improve
patient outcomes and 2) provide a new insight that may explain the previously
inconsistent findings in burn outcomes research studies which have been used to
organize and regionalize burn care. This study fills a significant research gap
and capitalizes on existing nurse survey data from a sample of thousands of
clinical bedside nurses in hundreds of hospitals across the US. In response to a
national focus on quality and outcomes for high-risk patients, the combined
results from Aims 1 and 2 provide evidence to describe the relationship between
nursing resources and burn patient mortality in various hospital settings, for the
first time.
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CHAPTER 2: BACKGROUND AND SIGNIFICANCE
Introduction
This study examined the association between burn patient outcomes and
nursing care resources such as the patient-to-nurse ratio, nurse educational
preparation, and the nurse work environment. In defense of the central concepts
and hypotheses tested in this study, this chapter presents an integrated literature
review of the current research on the relationships between nursing, hospital,
and burn patient characteristics with patient outcomes. First, the study's
adaptation of the Quality Health Outcomes Model is detailed, including the
process by which concepts from the dominant paradigms in surgical patient
outcomes research integrated into this study's theoretical framework. Next, the
rationale for each patient and hospital-level risk adjustment variable is presented
along with relevant literature. Finally, the chapter concludes with a detailed
review of the most important burn outcomes studies to date, with an emphasis on
the current knowledge gaps, and how this study addressed those gaps.
Theoretical Framework
A critical theoretical assumption to support this study of nursing's influence
on burn patient outcomes is the notion that nursing's impact relates to hospital
characteristics, the context in which nursing practice occurs, and the patient’s
burn-specific mortality risk. The first theoretical model used to study healthcare
6

outcomes was described by Donabedian (Donabedian, 1978) as a linear
pathway combination of the structures, processes, and outcomes of care. The
Quality Health Outcomes Model (QHOM) described by Mitchell (1998) further
suggests that clinical care delivery is highly complex and more circular than
linear (Mitchell, Ferketich, & Jennings, 1998). Adapting the QHOM to nursing
research is particularly useful, as nurses interact with patients in every phase of
acute care, and work within the interconnected healthcare system. In this study's
conceptual framework, hypotheses are represented by the paradigms in this
paper; hospital characteristics, the nursing resources, and patient risk factors (i.e.
severity of injury, age, comorbidities). This study uses this adapted model as the
framework for developing a research strategy to test the relationship between
nursing and burn patient outcomes, while accounting for illness severity and
other non-nursing organizational factors. The model suggests that the
relationship between modifiable characteristics of nursing care (i.e., nurse
staffing, nurse educational preparation) and burn patient mortality is influenced
by system-level (i.e., hospital characteristics, patient volume) and patient-level
factors (i.e., age, burn size).
For patients with surgical care needs, three dominant paradigms currently
exist to explain the variability in patient outcomes observed across hospitals.
The first paradigm is that outcomes for patients are improved when the hospital
performs a high volume of a particular procedure (Birkmeyer et al., 2002). The
second paradigm is that outcomes are improved for patients when the surgeon
7

performs the procedure often (Hoehn et al., 2016). The third model is that
organizational characteristics, such as the clinical work environment, teamwork,
or overall hospital quality and resources explain improved outcomes (Kutney-Lee
et al., 2015; Lake et al., 2016; Lasater & McHugh, 2016). There is likely some
combination of all three of these contributing factors that create the ideal
environment for patient recovery, however, the exact relative influence of each of
these variables is not apparent in the existing surgical patient outcomes
research. Patients with burn injuries provide a unique insight into this research
question. A burn survivor's care availability is highly regionalized with little
expertise existing outside of regionalized burn centers (Zonies, Mack, Kramer,
Rivara, & Klein, 2010) however, the recent trend shows patients increasingly
receiving care in hospitals with little burn expertise for unknown reasons (Carter
et al., 2010; Doud et al., 2014; Holmes et al., 2011). A typical burn patient's
hospitalization is longer than most other hospitalized patients and their care
needs are intensive (Serio-Melvin, Yoder, & Gaylord, 2010). The care needs and
length of hospitalization creates the ideal environment to test the influence of
nursing care delivery characteristics, along with patient volumes of the hospital,
and patient outcomes.
Central Concept
The central concept influencing this research is that nursing care
characteristics, as assessed and reported by professional clinical nurses
enmeshed in patient care episodes, relates to surgical patient outcomes; and that
8

relationship is dependent upon the relative clinical care needs of that patient
population in the hospital setting. This concept synthesizes the three existing
surgical outcomes research paradigms into one testable hypothesis with four
different testable propositions. Proposition 1 is that clinician experience
influences burn patient outcomes. Proposition 2 is that nurse staffing, education
level, and the nurse work environment affect burn patient outcomes. Proposition
3 is that surgical patient illness severity exists on a continuum; representing
diagnoses that are relatively more or less sensitive to nursing resources. The
last proposition (4) is that nursing resources explain any variability in burn patient
outcomes observed across care locations of different patient volumes.
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Figure 1: The Quality Health Outcomes Model Adapted to the Burn Patient

A key theoretical assumption that underlies this conceptual framework is
the interconnectedness of the healthcare delivery system and the influence of
system-level variables in a given patient’s outcome. In this study’s conceptual
framework, the interconnectedness of the hospital care system is represented by
the circular flow and bidirectional arrows (Figure 1). This conceptual framework
synthesizes concepts derived from existing research relating nursing care and
the work environment to patient outcomes, clinician expertise to patient
10

outcomes, and those relating surgical patient outcomes to the hospital system.
In Walker and Avant (2011), the authors suggest that concept synthesis uses
actual direct observation, literature, and quantitative evidence to construct a new
concept on which to start developing a new theory (Walker, Avant, 2011).
Concept synthesis enables the researcher to create something new from data
that already exists and direct practice observation. In this study, the antecedent
concepts of how the clinical work environment affects patient outcomes, how
clinician expertise affects patient outcomes, how some patients have a higher
marginal benefit from clinician experience, and how burn care is highly nursing
intensive are all well-established. The new concept described here and
described in this study links these findings together to determine the extent to
which each of these phenomena affects burn patient outcomes separately, and
together. The nursing resources in this conceptual framework are nurse staffing,
educational preparation, and the nurse work environment. This study's
conceptual model suggests that contrary to the existing evidence surrounding
burn patient volume; factors such as nurse staffing, the education level of nurses,
and the nurse work environment interact with hospital characteristics and patient
factors to determine burn patient outcomes.
Review of the Literature
Nursing and Outcomes
The Potential Influence of Nursing
A large body of research demonstrates, in general, patients who are cared
for in hospitals with more bachelors prepared nurses have better outcomes of all
11

kinds, including lower mortality (Aiken et al., 2011; Aiken, Clarke, Cheung,
Sloane, & Silber, 2003; Aiken et al., 2014; Kutney-Lee, Sloane, & Aiken, 2013),
fewer readmissions (Yakusheva, Lindrooth, & Weiss, 2014), shorter lengths of
stay (Aiken et al., 2011, 2003, 2014; Yakusheva et al., 2014), and lower rates of
failure to rescue (Aiken et al., 2011, 2003). Likely, burn patient outcomes are
comparably sensitive to nurse qualifications, including having a bachelor’s
degree or higher as an educational preparation.
The patient-to-nurse ratio is another nursing resource that influences
patient outcomes. Research on diverse patient populations demonstrates that
the patient-to-nurse ratio is associated with mortality (Aiken et al., 2011, 2014;
Brooks Carthon et al., 2012; Estabrooks, Midodzi, Cummings, Ricker, &
Giovannetti, 2005; Needleman, Buerhaus, Mattke, Stewart, & Zelevinsky, 2002;
Silber et al., 2016), failure to rescue (Aiken et al., 2010; Silber et al., 2016),
patient safety (Lake, Shang, Klaus, & Dunton, 2010; Staggs, Olds, Cramer, &
Shorr, 2017; Stone et al., 2007), infection rates (Chau et al., 2015; Cimiotti,
Aiken, Sloane, & Wu, 2012; Mark, Harless, & Berman, 2007; Rogowski et al.,
2013), and survival from in-hospital cardiac arrest (McHugh et al., 2016). Nurse
staffing in burn care is highly variable with “mixed acuity,” or dedicated burn units
with critical care, progressive care, and acute (general) care together in one area
with the same nursing staff (Steen et al., 2016). Nurses are the primary
surveillance system for burn patients in any care area and perform serial
observations and assessments aimed at preventing surgical complications
12

including wound and graft infections, scar contractures, deconditioning, and
cardiac or respiratory arrest (Serio-Melvin et al., 2010). When there are too few
nurses, or the patient-to-nurse ratio is high, the time available for nurses to
perform surveillance, assessments, and nursing interventions such as mobility,
nutrition, and complex wound care is limited. Because burn care is nurseintensive and complex, burn patients likely are highly sensitive to the patient-tonurse ratio.
The Context of Care: The Nurse Work Environment
The "nurse work environment" is a construct derived from sociology,
occupational theory, and the nursing practice characteristics of high-quality
nursing organizations (Lake, 2002). This construct was used to derive and
validate the Practice Environment Scale of the Nursing Work Index (PES-NWI) to
facilitate a reliable and valid numeric assessment of the nurse work environment
(Lake, 2002). The PES-NWI is valid according to its constructs, and reliability
testing demonstrating a Cronbach’s alpha for each domain of 0.71-0.84, and an
ICC (inter-rater reliability) of 0.86-0.97 (Lake, 2002).
Quantifying the nurse work environment using the PES-NWI instrument
enabled researchers to demonstrate that a good work environment is associated
with increased survival from in-hospital cardiac arrest (McHugh et al., 2016),
fewer readmissions (Lasater & McHugh, 2016), increased patient satisfaction
(Kutney-Lee et al., 2009; Stimpfel, Sloane, Mchugh, & Aiken, 2015), and reduced
13

in-hospital mortality (Aiken et al., 2011, 2003, 2009; Kendall-Gallagher, Aiken,
Sloane, & Cimiotti, 2011; McHugh et al., 2013; Silber et al., 2016). The domains
of nursing care included in the PES-NWI include nursing’s participation in
hospital affairs, foundations of quality of care, nurse manager ability, leadership,
and support of nurses, staffing and resource adequacy, and collegial nursephysician relationships (Lake, 2002). Nursing work involves surveillance and
interaction with multiple team members to promote the optimal recovery of a
given patient. A fundamental assumption in this study is that information reported
by registered nurses working in an organization is an accurate assessment of the
clinical care environment any given patient would experience inside that
organization. Nurses interact with the entire healthcare team in an organization
regularly and are skilled in surveillance, therefore the PES-NWI score reported
by nurses is a theoretically and methodologically valid measurement for the
nurse work environment resources and was chosen as the instrument to gather
information about work environments in this study.
The Nurse’s Role in Survival and Recovery
The survivor of a severe burn injury requires complex care at every level,
from acute hospitalization through rehabilitation (Al-Mousawi, Suman, &
Herndon, 2012). The societal burden of sub-optimal recovery from a burn injury
is significant, as those who do not recover well are unable to return to work or
school, and have long-term healthcare and mental health needs (Blakeney,
Rosenberg, Rosenberg, & Fauerbach, 2007). Recovery from a thermal burn
14

injury involves serial surgical procedures followed by periods of bed rest, staged
mobility, and wound care that can last from weeks to months depending on the
size of the injury. Healing a deep burn wound requires a new scar to be created
(donor site) to harvest an autologous skin graft that is removed from healthy
tissue and used to cover the burn wound. Because extensive burns need many
square feet of autologous donor skin to heal, burn patients are often hospitalized
for longer periods than most other types of surgical patients and have complex
wound and rehabilitation needs. Nurses are instrumental in the multidisciplinary
care team providing rehabilitation of the burn patient, applying serial splinting
devices every 2-4 hours, performing frequent limb elevation and positioning, and
facilitating both in-bed and ambulatory mobility exercises (Serghiou et al., 2007).
Patient Characteristics and Outcomes
Mortality Measures
The latest estimate of an overall hospitalized burn patient in-hospital
mortality rate is 3.3%, or 33 burn patient deaths per 1000 hospitalized burn
patients (American Burn Association, 2016). While estimates vary slightly, most
burn outcome studies cite mortality rates ranging from roughly 3% to 7% (Coste,
Wasserman, & Venot, 1996; Light et al., 2009; Ryan et al., 1998; Tagami, Matsui,
Fushimi, & Yasunaga, 2015). Clinical factors, including comorbid illnesses, the
nature of the injury, and the presence of complications profoundly influence burn
patient mortality rates (Pruitt, Wolf, & Mason, 2007). Given that differences in
mortality are a function of patient age and other factors, raw or unadjusted
15

patient mortality rates should be interpreted cautiously when making
comparisons across hospitals. Risk-adjusted mortality, which accounts for the
patient factors that are reflective of injury severity may be more useful for these
purposes. The following paragraphs describe the major patient-related risk
factors for mortality in burn patients.
Age and Burn Size
Overall mortality for burn patients is highly dependent on patient age and
burn size. Mortality in children is lower than adults, around 1%, (Hodgman et al.,
2016) and the elderly (patients over age 60) have significantly higher mortality,
approximately 30% (Wibbenmeyer et al., 2001). Burn size is the percentage of
the patient's total body surface area (%TBSA) that contains deep (partial or full
thickness) burns. Burn size estimates range from 1% (small area) to 100% (full
body burns). Large deep burn injury produces a physiologic shock state which
varies in severity with the size of the wound. Thus, patients with massive (>70%)
burns develop massive cardiovascular shock, often resulting in death (Herndon,
2007). About 50 years ago, Professor Serge Baux created a simple score to
indicate the risk of mortality after a burn injury:
Percent Mortality = Age + Percent Body Burned.
The Baux score suggests that each year of age predicts mortality in equal
measure (Baux, 1961). While the classic Baux score is no longer a valid absolute
predictor of mortality due to advancements in burn care, the notion that age and
16

burn size together predict mortality is durable in the literature today (Blot et al.,
2009; Osler, Glance, & Hosmer, 2010; Ryan et al., 1998; Stern & Waisbren,
1979; Tagami et al., 2015). The associated mortality from significant burns
(>20% TBSA) is mainly related to the management of burn shock; a physiologic
state marked by fluid losses, cardiovascular collapse, and organ failure (J. R.
Saffle, Graves, & Cochran, 2012). Shock occurs to some extent in all patients
with significant (>20%) burns. Burn patients need expert fluid resuscitation and
close hourly monitoring of vital signs and urine output by nursing staff to survive
(Bak, Sjöberg, Eriksson, Steinvall, & Janerot-Sjöberg, 2009; Faraklas, Cochran,
& Saffle, 2012; J. R. Saffle, 2007). Because of the need for surveillance and
assessment by nurses during the first 72 hours of burn care, nursing resources
are potentially highly influential in this more extensive burn (>20% TBSA) group's
survival. Errors in the management of fluid resuscitation for patients are
associated with high mortality rates (Fahlstrom, Boyle, & Makic, 2013; Lawrence
et al., 2010; J. I. Saffle, 2007). Evidence suggests that both the treatment of
burn shock and the expert hour-by-hour clinical management (nursing
surveillance) of burn shock in relatively large burns (>30% TBSA) influences
mortality. Because burn size (%TBSA) is an important factor in a patient’s odds
of survival, it is included in this study's risk-adjustment model.
Inhalation Injury and Mechanical Ventilation
About 30% of patients admitted to US burn centers have a concomitant
inhalation injury (Traber, Herndon, Enkhbaatar, Maybauer, & Maybauer, 2012).
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An inhalation injury is the byproduct of a fire that happens in a closed space;
allowing scorching air, smoke, and the chemicals of combustion to directly injure
the lungs (Traber et al., 2012) and produce serum toxicities from the byproducts
of combustion (Moylan & Alexander, 1978). The presence of inhalation injury and
increased risk of death has been well documented (Blot et al., 2009; Hussain &
Dunn, 2013; Osler et al., 2010; Stern & Waisbren, 1979; Traber et al., 2012).
There is, however, some debate whether it is the actual inhalation injury or the
need for mechanical ventilation that increases burn patient mortality (Ryan et al.,
1998). This controversy exists because of the difficulty in formally diagnosing
inhalation injury in the patient. The only objective diagnostic criteria for inhalation
injury requires a bronchoscopy (Dries et al., 2013). Because there is no utility for
the bronchoscopy except to confirm the diagnosis, most patients with inhalation
injury are not formally diagnosed via bronchoscopy (Dries et al., 2013). Thus,
estimates of the effect of diagnosed inhalation injury on patient mortality are
potentially erroneous due to misdiagnosis or non-diagnosis.
For cross-sectional and secondary data research, several proxy
definitions such as the presence of mechanical ventilation, a documented closed
space injury, and high carboxyhemoglobin lab levels have been used to
approximate an inhalation injury when a formal diagnosis is not in the medical
record (Ryan et al., 1998). To align with the evidence surrounding inhalation
injury and mortality, the latest revision of the classic Baux score, now called the
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Modified Baux Score (MBS), cites inhalation injury as an independent risk factor
for burn patient mortality, and amends the formula to (Osler et al., 2010):
Age + Percentage of body burned + 17 (with inhalation) = % Mortality.
The evidence surrounding inhalation injury and death and the lack of
formal diagnosis is the rationale for including the presence of mechanical
ventilation rather than a diagnosed inhalation injury as a risk adjustment variable
in this study.
Comorbidities
The use of comorbidities to risk-adjust patients in outcomes research is
common. Charlson developed the first risk-adjustment index related to comorbid
illnesses as a way to prospectively select patients with a low likelihood of death
for clinical trials (Charlson, Pompei, Ales, & MacKenzie, 1987). Charlson
developed the CCI index based on one-year mortality data from 604 patients
admitted to the medical service of a New York hospital in 1984 and validated it in
a cohort of breast cancer patients from Connecticut in the 1960s (Charlson et al.,
1987). The Charlson index (CCI) includes 19 conditions, and each is assigned a
relative weight corresponding to its influence on mortality (Charlson et al., 1987).
A recent examination of the effect magnitude of comorbidities on burn
injury mortality notes that 40% of the patients admitted to a single burn center
had a known comorbidity (Knowlin, Stanford, Moore, Cairns, & Charles, 2016).
In addition to the prevalence of 40%, comorbidities had a positive linear
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association with mortality (OR=1.59 for each 1 point increase in CCI; 95% CI
1.44-1.77) (Knowlin et al., 2016). Of note, the collinearity of comorbidities in the
patients >65 years of age mitigated the effect of comorbidities on burn patient
mortality in elderly patients (Knowlin et al., 2016). Thus, while it is evident from
burn research that age, burn size, and inhalation injury predict death it is crucial
to include the comorbidities as well in this study's outcome analysis model.
Burn patients are classified as surgical patients by the American College
of Surgeons (Association & American College of Surgeons, 2014). While
Charlson was the first to develop a comorbidity index, in recent years the index
developed by Elixhauser (Elixhauser, Steiner, Harris, & Coffey, 1998) has been
used extensively to risk-adjust surgical patients. The Elixhauser index included
30 comorbidities and was generated using administrative data and ICD-9 codes
that are similar to this study's data (Elixhauser et al., 1998). In a study
comparing the Charlson and Elixhauser comorbidity measures, the Elixhauser
outperformed the Charlson (Mnatzaganian, Ryan, Norman, & Hiller, 2012).
While the Elixhauser has not been used previously in burn outcomes research,
burn patients are surgical patients, and in the only other study that tested the
relationship between nursing resources and surgical patient volume, the
Elixhauser was used successfully to account for comorbidities (Wiltse-Nicely et
al., 2013). Further, for parsimony, the Elixhauser has been validated when it is
used as a summary score rather than a dummy variable for each of the 30
separate diagnoses (Austin, Wong, Uzzo, Beck, & Egleston, 2015). Given that
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comorbidities have a documented effect on burn mortality, the Elixhauser
diagnoses have been used more extensively in surgical patients, and the
Elixhauser is parsimoniously adaptable into the regression model as a summary
score, the Elixhauser is the comorbidity risk-adjustment variable of choice in this
study.
Hospital Characteristics and Outcomes
Each hospital's patients are different. That is, the patients are not
assigned to hospitals at random, but rather matriculate to specific hospitals for a
variety of reasons, including socioeconomic status, geography, the severity of
illness, and patient preference. In observational research studies, unlike
experiments with random assignment, control variables must be employed to
ensure that the comparison groups do not differ in ways that would directly affect
the outcome of interest were they not included. While it is theoretically impossible
to remove all potential confounding from an observational research design,
researchers endeavor to account for as many measurable confounding variables
in the model as possible (Hulley, Cummings, Browner, Grady, & Newman, 2007).
Some hospitals, such as verified burn centers, treat patients with a higher risk of
dying than others, and this should not penalize them in their quality comparisons
(Lezzoni, 1997). Thus, the burn patient outcomes of primary interest in this study
must be risk-adjusted at the hospital level to ensure valid comparisons.
Consistent with prior research on nursing resources and hospitalized patient
outcomes, this study included the technological sophistication of the hospital, bed
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size, and teaching status as hospital-level risk adjustment variables (Needleman
et al., 2011; Wiltse-Nicely et al., 2013).
Patient Volume and Outcomes
The dominant theme in the existing burn outcomes literature is that
experience in caring for burn patients, as evidenced by actual yearly burn patient
volume of the surgeon and hospital, is the strongest predictor of patient
outcomes (Pacella et al., 2006; Palmieri et al., 2015). Physicians dominate the
authorship of burn research studies, and many cite Donabedian’s model as the
theory which guides their research (Shafi et al., 2016). In Donabedian’s model,
patient volume (experience) is represented by a “structural” variable
(Donabedan, 1966). This structural proposition states that “given the proper
settings and instrumentalities, good medical care will follow” (Donabedan, 1966).
From a medical lens, this dominant theme of volume and outcomes seems to
resonate, as the burn and trauma community often suggest that patient volume is
a modifiable risk factor for patient mortality, and have recently advocated for
surgical care regionalization and patient volume thresholds (Birkmeyer, 2000).
The antecedent concept for this dominant paradigm in the medical
literature stems from a classic article in the New England Journal of Medicine
(1979) suggesting that all surgical procedures should be regionalized. The
authors demonstrate that generally speaking, mortality decreases significantly
with an increasing number of surgical procedures performed in a given hospital
(Luft, H., Bunker, J., Enthoven, 1979). Since this classic article was published in
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1978, the surgical care community has wrestled with how experience with
patients (i.e., patient volume) affects outcomes. In particular, the question of
whether the experience and outcomes relationship is related to the structural
variable of experience of the surgeon or the hospital has been investigated
(Hoehn et al., 2016).
Interestingly, the evidence to suggest that either the surgeon or hospital
volume is responsible for the observed relationship between experience and
outcomes is inconsistent (Birkmeyer et al., 2002, 2003). Several authors of such
studies suggest that it may be the unmeasured characteristics of the clinical
environment that explain these inconsistent results (Luft, H., Bunker, J.,
Enthoven, 1979; Shahian & Normand, 2003). Despite the suggestion that the
structural variable of experience (patient volume) does not fully explain patient
outcomes, all surgical quality designation programs today require a patient
volume threshold (Birkmeyer et al., 2008). Therefore, to test the influence of
nursing resources on burn patient outcomes, one must also consider how much
hospital patient volume is affecting the same result. A consequence of not
recognizing this variable is omitting the dominant paradigm present in the
existing body of research and compromising validity from the intended research
audience.
Additionally, the idea that "practice makes perfect" is one that resonates
with many stakeholders and may be true in some patient populations. At least
some of the variability in patient outcomes is likely explained by clinician
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experience either at the individual or hospital level. Current evidence suggests
that the relationship between repeated exposure to the same type of patients
(patient volume) and patient outcomes is different for burn (Hodgman et al.,
2016; Pacella et al., 2006; Palmieri et al., 2015) and trauma patients (Haut et al.,
2009) than what is reported for other surgical patients, such as cardiac (Shahian
& Normand, 2003), vascular (Mahmoudi & Chung, 2016), and gastrointestinal
surgeries (Hoehn et al., 2016). Surgeon volume is an independent predictor for
in-hospital mortality for cardiac (Shahian & Normand, 2003), vascular (Shahian &
Normand, 2003), and gastrointestinal surgery patients (Hoehn et al., 2016) yet in
trauma patients, surgeon volume is not directly related to mortality (Haut et al.,
2009). Additionally, in one study, having non-trauma surgeons with limited
trauma expertise cover the operating room did not change in-hospital mortality
for trauma patients (Louras, Fortune, Osler, & Hyman, 2016). The critical clinical
difference between cardiac, vascular, and general surgery patients and burn and
trauma patients are the patient’s complex recovery needs that involve significant
specialized nursing care and nursing time. Thus, nursing resources may be a
significant previously omitted variable explaining these mixed results among
surgical patients.
Verified Burn Centers and Outcomes
Burn Center Care: Current Status
The American College of Surgeons (ACS) and American Burn Association
(ABA) developed the burn center verification process to "indicate to the
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government, third-party payers, patients and their families, and accreditation
organizations that the center provides high-quality patient care from the time of
injury through rehabilitation" (American Burn Association, 2017). Participation in
the program is currently voluntary and associated with additional application
costs. Despite the stated goals of the verification process, using ACS-ABA burn
center verification as the indicator of burn program quality and value by health
systems and government agencies has not occurred. The ABA has also
published a guideline for patients who may benefit from transfer to a burn center,
yet the guideline is inconsistently followed (Carter et al., 2010). In a single-state
study of all admitted adult burn patients, only about half (47%) of those meeting
the published burn center referral criteria received care at a burn center (Carter
et al., 2010). In a recent pediatric single state study, only 10% of children
meeting the ABA referral criteria received care at a burn center (Johnson et al.,
2016). A review of all US admissions for burn patients in hospitals participating
in the Healthcare Cost and Utilization Project (HCUP) revealed that only 22% of
all burn patients received care in a burn center (Zonies et al., 2010). Perhaps the
geographic distribution of burn centers is a factor in the provider decision-making
process, as currently the 62 ACS-verified burn centers are located approximately
2 hours via air and 4 hours via ground transport from most patients’ homes (Klein
et al., 2009). Payer status is another factor that has been demonstrated to affect
burn center referrals (Kastenmeier et al., 2010). The current organization of the
American College of Surgeons (ACS) "verified" burn centers creates a significant
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burden for patients and the U.S. healthcare system with an unknown effect on
care quality. There are 67 designated burn centers in the US and an estimated
200,000 serious burn injuries requiring hospitalization per year. There is a
significant patient and family burden and healthcare system cost of long-distance
transport from a child's home to a verified burn center, so it is necessary to
determine if outcomes are better for those patients in verified centers. Burn
patient exposure was eliminated from physician surgical residency training
requirements in the early 2000s, so it is possible that the provider in a non-burn
center has little to no experience in managing a burn patient. It is also rare for a
nurse to care for a burn patient during training. In contrast, an ACS-verified burn
center has a surgeon with experience and fellowship training in burns, and
nurses with specialized skills and additional burn training (American Burn
Association, 2017).
Contemporary Burn Outcome Studies: Strengths and Weaknesses
Most of the contemporary burn outcomes research describes the
relationship between hospital patient volume or ABA-ACS burn center verification
and mortality. This existing body of research is motivated by evidence that burn
patients of all ages are not consistently sent to high volume or ABA-verified
centers for care. Despite motivation to define the optimal care location for burn
patients, there is an overall weakness in burn outcomes research, including the
publication of conflicting evidence with low methodologic rigor in recent years.
For example, a cross-sectional study examining all pediatric burn patient
outcomes in ACS-verified burn centers as compared to other care locations
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found that after controlling for observable differences in patient characteristics
only, mortality across pediatric burn centers is highly variable (Palmieri et al.,
2015) and not significantly different. Another recent retrospective review of the
National Burn Repository (i.e., burn registry data) found a non-significant
difference in pediatric burn patient mortality across centers using multivariable
regression (Hodgman et al., 2016), adjusting for patient characteristics only. An
inverse relationship between burn center verification status and patient riskadjusted mortality in adult patients is more consistently reported in the literature
(Holmes et al., 2011; Light et al., 2009; Pacella et al., 2006). To date, none of the
published studies of burn mortality include important hospital-level risk
adjustment variables, such as teaching status and technologic sophistication,
and none include any information about nursing.
Burn injury recovery is different than another surgical patient recovery as
the outcome is heavily dependent on the multidisciplinary resources available to
the patient at the care location (Al-Mousawi et al., 2012; Serio-Melvin et al.,
2010), such as burn intensivists, nurses, and rehab therapists. These burn
specialists only consistently exist in high volume and verified centers.
Additionally, the sickest patients are often sent to ACS-verified centers, resulting
in sample selection bias when comparing outcomes (Hodgman et al., 2016).
Because statistically significant and meaningful differences in patient mortality
exist between ACS-verified burn centers and other care locations, the principal
methodology of using only patient illness adjusted multivariate regression models
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to analyze the data is flawed. To produce a policy or practice change related to
the optimal organization of care for burn patients, a more robust analysis that
accounts for the influence of nursing resources and other hospital characteristics
coupled with a large enough sample of patients in burn and non-burn hospitals is
necessary. Our study fills this gap and accomplishes this with methodologic rigor
not previously noted in existing studies. The following paragraphs describe two of
the most influential papers in burn outcomes research, and their respective
findings, design, and methodologic strengths and weaknesses.
The two most cited and widely respected studies of burn outcomes are
Holmes et al. (2011); The effectiveness of regionalized burn care: An analysis of
6,873 burn admissions in North Carolina from 2000-2007. Journal of the
American College of Surgeons, 212(4), 487-493 and Light et al. (2009). The
effect of burn center and burn center volume on the mortality of burned adults—
an analysis of the data in the national burn repository. Journal of Burn Care and
Research, 30(5); 776-782.
The Holmes (2011) paper uses a sample of 6,873 adult burn patients from
a statewide database of all patients discharged from North Carolina hospitals
during the years of 2000-2007 to describe the effectiveness of regionalized burn
care. The outcomes of interest are discharge disposition, length of stay, number
of surgical operations performed, and mortality. The authors categorize the
sample hospitals as “verified burn centers (VBC)” or “non-burn centers (NBC).”
Of note, there are only 2 VBC’s out of the 109 total hospitals in the state. Using
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established ICD-9 codes for burn injuries, the authors created a database of burn
patients that included demographic variables such as age, sex, ethnicity, severity
of burn injury, concomitant trauma, pre-existing comorbidities, payer status,
length of stay, burn-specific operations performed, and the presence of inhalation
injury (Holmes et al., 2011). They report basic descriptive statistics for outcomes
(chi-square and t-tests) with significance values and use logistic regression to
report predictors of VBC admission (Holmes et al., 2011). Notably, there were
n=3,069 patients cared for in the two VBC compared with n=2,333 in the 107
NBC, and the groups were initially significantly different on all of the demographic
variables (p<0.001) examined. After using simple propensity score (no matching,
etc.) techniques to account for 58% missing data on %TBSA in the NBC patients
and 10% missing data on %TBSA on the VBC patients, they balanced the VBC
and NBC comparison groups.
The primary findings of this study suggest that patients who receive care
at a VBC have a longer median length of stay (7d vs. 4d, p<0.0001), are more
often NOT discharged to a nursing home (2.9% vs. 6.3%, p<0.0001), had higher
in-hospital (total) mortality (7.5% vs. 1%, p<0.0001), and received more
operations (41% vs. 25%, p<0.0001). Further, the authors describe the
significant predictors of being admitted to a VBC vs. an NBC and find that age,
sex, having government or worker's compensation insurance, pre-existing kidney
disease, concomitant trauma, and a larger burn size are significant predictors
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using a multivariable logistic regression model. Notably missing in this study is
any description of nursing resources.
The Light (2009) paper uses burn registry data from the National Burn
Repository (NBR)(American Burn Association, 2016) to test the relationship
between the patient volume at burn centers and mortality. Burn clinicians collect
the NBR data, and the authors suggest this makes it higher quality than data
from insurance or state discharge data (Light et al., 2009). The researchers
tested whether mortality for burn patients varied by burn center admission
volume after controlling for patient characteristics. They queried the NBR from
1995-2005 and created a sample of n=76,467 patients. They excluded very low
volume centers (<10 patients/year) and were left with 60 total burn centers. The
analysis uses quartiles of volume based on the ABA-ACS verification criteria of
low (10-100/yr.), medium (100-200/yr.), high (201-300/yr.) and very high
(>300/yr.) as the independent variables of interest. Despite the top "quality" of
the NBR data, n=33,228 patients had to be excluded from the analysis due to
missing clinical data (Light et al., 2009).
The authors present descriptive statistics with significance tests for
demographic variables and the hospital characteristics of the 60 centers. Then,
they use a multivariable logistic regression model to adjust for patient
characteristics across facilities to examine the effect of patient volume on
outcomes. Covariates included in the model were the year of injury, patient age,
sex, race, % of body surface area with full thickness burns, % of body surface
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area with partial thickness burns, presence of inhalation injury, and mechanism
of injury (Light et al., 2009). The researchers used GLM with a logit link function
and random intercepts to account for the clustering of patients within the 60 burn
centers. They evaluated discrimination of each sequential model using the Cstatistic. The effect of volume on mortality was measured by the percent
reduction in error variance of the random hospital intercepts after adding hospital
volume to the model, and then that was transformed to report odds ratios of
death for patients in each volume category.
In the models accounting for patient characteristics only, increased
mortality was associated with greater %TBSA of full and partial thickness burns,
the presence of inhalation injury, advancing age, female sex, and black race, and
that model had a C-statistic of 0.947, which is consistent with established risk
adjustment variables in burn patients and the Holmes (2011) paper. Adding in
the treating facility increased the C-statistic of the model to 0.950, suggesting
that the treating facility explains some of the unexplained variation in mortality.
Of note, no hospital-level variables such as teaching or technology status were
included in the analysis. Adding hospital volume categories to the model
explained 19% of the difference across facilities (p=0.017). Interestingly,
mortality at the low volume centers was no different than mortality at the very
high-volume centers (OR=0.997 [0.638-1.556], p=0.998). Odds of death were
lowest in the medium (OR=0.649) and high (OR=0.587) quartiles. They also did
several sensitivity analyses including adding back the previously dropped
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patients, excluding the mechanism of injury and changing the volume categories
and this did not alter the findings. They further split the sample into two 5-year
studies (1995-2000 and 2000-2005), and the results again did not vary. The
main conclusion is that the relationship between volume and mortality for burn
patients is not linear, and instead peaks in the medium and high-volume quartiles
rather than the very high-volume quartile, which contrasts with studies of other
types of surgical patients, and other burn studies of the volume and outcomes
relationship.
The most significant differences between the two papers are the data
source used and the rigor of the analytic method. The Holmes (2011) paper is of
interest because it is one of the only documents on this subject that uses
administrative data and patients outside of elite burn centers to examine burn
patient outcomes. Most papers replicate the methods of the Light (2009) paper
and choose to use national burn registry data because it is complete on clinically
essential variables. The problem is that data is likely somewhat biased by the
elite centers that voluntarily share data with it (Soleimani et al., 2016; Taylor et
al., 2013). The challenge with using administrative data is that a vital risk
adjustment variable, the % of total body surface area burned (%TBSA) is often
missing (not coded) (Carter et al., 2010; Hussain, Choukairi, & Dunn, 2013;
Tagami et al., 2015). However, the Light (2009) paper uses NBR data and still
had to drop 40k patients from analysis due to missing %TBSA data. In Holmes
(2011), the sample included patients cared for in both VBCs and NBCs, but there
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were only 2 VBCs, which likely confounds the results and introduces the
possibility of Type I error. In Light (2009), only burn centers were in the analysis,
so comparisons with NBCs are not possible. The choice of database for review
is an important one, and each has its drawbacks. In this case, administrative
data is better suited to answer the research question; however, using a one-state
sample with only 2 VBCs is not enough.
As both papers demonstrate, %TBSA is a problematic but important
patient-level risk adjustment variable. The research question for both papers
involves regional burn centers, and the patients are likely more complex there
than in other hospitals. The researchers of each article take a different riskadjustment approach to account for this problem. Holmes (2011) uses
propensity scores to account for missing %TBSA data to balance the groups,
whereas Light (2009) prefers to drop all patients with missing data from analysis.
The Light (2009) paper includes only burn centers, and an association between
the tendency to code %TBSA correctly and hospital quality (an unobservable)
may exist that cannot be accounted for when all of the patients missing %TBSA
were dropped.
Both papers fall short of answering the question of whether burn patient
outcomes are better in hospitals with higher patient volumes. The Holmes (2011)
suggests that there may be a difference in outcomes based on the discharging
hospital, but this cannot be confirmed with the small (n=2) sample of burn centers
and their lack of clustered analyses and risk adjustment methods. The Holmes
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(2011) paper uses the propensity score as a proverbial silver bullet to account for
all the methodologic flaws and data challenges in the study’s design. While the
propensity score is a useful tool to balance the observed variables between
“treatment” groups, it is not intended to be used to fix selection bias or account
for unobserved variables bias (Joffe & Rosenbaum, n.d.). In the case of Holmes,
after balancing the groups with propensity scores, they report significant
differences in outcomes for those treated at a VBC versus an NBC. These
results are highly misleading as they do not account for hospital-level risk
adjustment variables and n=3,069 of these patients were cared for in only two
VBC hospitals.
The paper by Light (2009) is much more methodologically sound but uses
a biased data source. They used a multivariable regression model with some
appropriate covariates, several patient-level risk adjustment variables, and
sensitivity analyses to support their results. They did, however, discard
meaningful patient data (n=33,228 patients) due to missing data which could
have been included by using multiple imputation or another tactic on the missing
variable (Sterne, 2009). Their analytic model is a strength as it uses random
intercepts to account for hospital clusters and robust stepwise logistic regression
based on c-statistics.
They found no difference in mortality at the extremes of volume and
lowest mortality in the medium and high-volume hospitals. The authors suggest
these findings are potentially due to systematic differences in recording data or
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preferential treatment of patients at specific centers; in other words, inadequate
risk adjustment (Lezzoni, 1997). Indeed, their risk adjustment falls short.
Comorbidities are a significant risk-adjustment covariate in outcomes research,
and they were not included in the study (Elixhauser et al., 1998). Both papers
used all in-hospital mortality as the outcome of interest. Total in-hospital
mortality does not account for patients discharged early that die at home and
may bias the results for centers which keep patients in the hospital longer. Burn
centers have a longer length of stay, as evidenced by Holmes (2011) paper, so
they would have more opportunity to experience a death than a hospital with a
shorter average length of stay, explaining the higher mortality at the very high
volume burn centers described in Light (2009).
While both papers attempt to describe the phenomenon of burn patient
outcomes because of treatment location, they both fail to do so adequately. The
better of the two methodologically is the Light (2009) paper, but it is still missing
essential covariates, does not include any hospital level variables, and uses
biased data from elite centers. The ideal study would use administrative data, or
registry data from both VBCs and NBCs and include an appropriate and thorough
risk adjustment model that uses both patient and hospital-level risk adjustment
variables. The ideal study would also consider the influence of nursing
resources, as the nurse-intensiveness of burn care is well-established. To date,
a study that includes these essential variables does not exist, which is likely why
there is still no consensus on the best location and organization of resources in
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burn care. This paper's study builds upon the evidence generated by Holmes
(2011) and Light (2009) but it includes a more robust patient and hospital-level
risk adjustment model, data from all admissions and discharges in four states
and not just elite centers, and introduced previously overlooked information about
nursing.
Summary
The evidence presented in this chapter suggests that burn patient
outcomes vary significantly across hospitals. Importantly, previous research
indicates that hospital, patient, and nursing resources are associated with patient
outcomes in other patient populations; however, this review highlights that these
variables have never been tested together in burn patients. Most burn outcome
studies focus solely on whether burn patient volume or burn center verification
influences outcomes. To date, none have considered nursing resources in their
analysis. Further, the general methodologic weaknesses of existing studies
concerning the patient data used, risk adjustment methods, and lack of
consideration for hospital system characteristics have resulted in perpetually
unanswered questions about how to best organize care to promote good
outcomes for burn patients.
The Quality Health Outcomes Model is an appropriate and reasonable
scaffolding to base a study of burn patient outcomes on, as it integrates hospital
system factors, patient factors, and modifiable system characteristics such as
nursing resources into one testable framework that accurately represents each of
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the dominant paradigms in outcomes research and allows for the inclusion of
nursing. Using the Quality Health Outcomes Model rather than the structureprocess-outcomes model suggested by Donabedian supports the possibility that
there are many bidirectional relationships between hospital, patient, and nursing
resources that ultimately influence outcomes. There is a documented and
unique relationship between expertise and outcomes for burn patients that has
not been previously explained by patient volume or burn center verification alone.
Including nursing resources in this study more fully represents the reality of
hospital care for a burn patient and introduces the ability to study the influence of
specific features, such as nurse staffing. This study overcomes the methodologic
weaknesses of previous research and provides a deeper understanding of the
factors influencing burn patient outcomes because it uses a large, robust,
representative, and unbiased patient database, integrates new information
reported directly from nurses enmeshed in patient care about their work, and
includes the previously overlooked characteristics of the hospitals. The results of
this study empirically describe the relationships between nursing resources and
burn patient outcomes and use inferential models to more fully explain the
phenomenon of burn outcome variations based on patient volume, for the first
time.
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CHAPTER 3: METHODS
Introduction
This chapter presents an overview of the research strategy, details of
each database used for the final study sample, data abstraction methods, risk
adjustment models, and results of preliminary feasibility studies for our study
research question. Following these explanations, the specific data analysis plan
and techniques used for the handling of missing data and human subject
protection are outlined.
Research Strategy
An appropriate first step in designing a research study is selecting the
research method. Experimental study designs provide the strongest warrant for
causation, as the researcher must manipulate at least part of the sample,
compare it to a control group, and interpret the outcome observed (Polit & Beck,
2017). In an ideal (scientific) world, examining the direct effect of nursing on
burn patient outcomes should be accomplished in this manner. However, this is
not feasible. An experiment involving a test of whether burn patient mortality is
contingent upon features of nursing care would require a portion of the sample
be denied access to nurses, which is, for obvious reasons, both impractical and
unethical. To randomize burn patients to receive care either at a hospital with
favorable nursing or one without is both unfeasible and unethical; as these
decisions are primarily based on other factors such as geography, provider
relationships, and expertise (Holmes et al., 2011). Thus, given practicality and
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ethical concerns with randomizing acutely ill burn patients, a retrospective
observational cohort design was chosen.
Observational studies are typically used to describe relationships between
variables at a fixed point in time (Polit & Beck, 2017), often when the event of
interest is relatively rare, such as burn patient mortality. A weakness of
observational studies is the inability to demonstrate causation; however, the bulk
of outcomes research and nursing research uses a nonexperimental design for
reasons previously documented (Polit & Beck, 2017). The a priori hypothesis to
be tested in this study is that the nursing resources explain, at least in part, the
variability in burn patient outcomes across hospitals. The goal then was to find a
naturally occurring cohort of patients (Polit & Beck, 2017) so that relationships
between variables can be tested for correlation, not causation.
To detect a difference in patient mortality in an observational cohort of
hospitals where burn care is provided, a relatively large number of patients, and
thus hospitals, is required. The actual distribution of burn patients in hospitals
across the country is relatively unknown. Some evidence suggests many patients
with burns are not cared for in regional burn centers (Johnson et al., 2016). A
representative sample of burn patients should include those admitted to a variety
of care location types, including regionalized centers and acute care hospitals in
several geographic locations (Hulley et al., 2007). Because the variables of
interest in this research study are the hospital-level nursing resources in places
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where burn patients receive care, a natural choice of data for a sample is an
extensive patient database or secondary data source.
Using secondary data has advantages and disadvantages. Since this
study is of burn patient mortality and hospital nursing resources, it is necessary
to study many hospitals, making primary data collection impractical from
perspectives of resources and time.
Of central importance in designing this study is determining whether the
disadvantages of using secondary data can be sufficiently overcome to develop a
feasible study likely to produce valid findings. The main advantages of using
secondary data are speed and economy (Hulley et al., 2007), as previously
suggested. There are some disadvantages, including selection bias, data
quality, measurement error, coding inconsistencies, and the absence of
necessary information (Hulley et al., 2007). The design of this study gives
careful consideration to these disadvantages, as some pose threats to validity
and reliability. Secondary data can also include data that was collected by a
primary investigator for another purpose but can be accessed for evaluating
other outcomes (Hulley et al., 2007) with the principal investigator or steering
committee’s permission. The next sections of this paper will describe nursing,
patient, and hospital-level secondary data sources and their respective
advantages and disadvantages, and their respective rationale for inclusion or
exclusion in this study.
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Databases
Hospital-Level Nursing Data
The independent variables of interest in this study are the hospital level
nursing resources that may affect patient outcomes, such as each hospital’s
percentage of baccalaureate or higher prepared nurses, patient-to-nurse ratio,
and the nurse work environment. The information contained in the AHA database
on nurses is reported by hospital administrators and not nurses themselves.
Thus, the internal and external validity of those data are in question. Overall the
biggest weakness in the AHA data is its weak representation of bedside nursing
care, as well as its degree (33%) of missing nursing data. While data granularity
at the unit level may be useful, the validity of that nursing data has been
questioned; as the variables of interest which affect outcomes are dictated often
at the organizational level. Additionally, burn patients likely are admitted to
several hospital units during their admission, including both critical care,
operating room, and general care locations (Serio-Melvin et al., 2010). Using
hospital-level data about nurses to answer this paper's feasibility question is
reasonable; given that burn outcomes have reportedly varied between hospitals
(Holmes et al., 2011; Palmieri et al., 2015; Vercruysse, Ingram, & Feliciano,
2011; Zonies et al., 2010), and not units within a hospital.
An alternative source of nursing data is information on each hospital that
is self-reported by nurses working directly with patients in that hospital, derived
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from a simple random sample of nurses. Nurses are skilled in surveillance as a
pillar of nursing practice, and thus are reliable informants about the quality of
care in their respective organizations (Germack et al., 2015). Also, data
gathered directly from bedside nurses and not hospital administrators would
theoretically be subject to more valid reporting. The Multi-State Nursing Care
and Patient Safety study (2006) is a study of the nursing workforce in the United
States that surveyed a random sample from thousands of registered nurses
about their workplace. The Multi-State Nursing Care and Patient Safety survey
instrument was distributed from 2006-2008 and included measures of burnout,
the nurse work environment (PES-NWI), workload, injuries, each nurse’s
position, work experience, and education level, and demographics of the nurse
respondents. The nurses responding held an active registered nurse license in
either Florida, New Jersey, Pennsylvania, or California. A total of 272,783
surveys were distributed. The response rate of 36% amounts to approximately
34,000 nurses. To test for non-response bias in the respondent sample, a nonresponder survey was distributed to 1,300 nurses which revealed no response
bias (Smith, 2009). Subsequent studies demonstrate internal consistency among
nurses in a given hospital with as few as ten nurses per hospital responding
(Germack et al., 2015).
Multi-State Nursing Care and Patient Safety study databases (2006) was
used as a data source to explore the effect of nursing care on surgical patient
populations (Wiltse-Nicely et al., 2013). A significant strength to using this
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database is that it asks nurses to report on the hospitals where they work, which
reduces response bias at the hospital level that may be present in sources such
as the AHA survey.
The main disadvantage of using this available data on nurses is that it
limits the study to only four geographically diverse potential states (NJ, PA, FL,
CA); however, those states represent approximately 25% of the United States
hospitalizations. The Multi-State Nursing Care and Patient Safety study data is
the most representative and highest quality database of nurses, and is the
preferred choice to obtain information about nurses in this study's analytic model.
As a result, permission was granted from the primary investigator of this parent
study to use the Multi State Nursing Care and Patient Safety database for this
study's research question.
State Discharge Databases
The bulk of outcomes research linking features of nursing care to
outcomes has used state administrative claims data in NJ, FL, CA, and PA as the
patient database for the study. The biggest strength of using state administrative
claims data is the ability to select a complete sample of burn patients from all
admission locations in a state, which reduces sampling bias inherent in using
registry data such as the National Burn Repository from elite burn centers.
Administrative claims data also gives an accurate picture of poor outcomes
occurring from less severe burns that would not be referred to a regional burn
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center. It also offers the most potential for adequate statistical power at the
hospital level. State databases contain information about patient deaths, zip
code of their home address, and DRG and CPT codes relevant to the admission.
A disadvantage to using this data is that it lacks the clinical granularity
available in registry data and is subject to coding errors, which negatively
impacts risk-adjustment. However, two studies of burn patient outcomes in North
Carolina have used state administrative claims data to measure the effect of
verified burn center admission on mortality (Carter et al., 2010; Holmes et al.,
2011). Thus, since state administrative claims data is the largest and most
representative source of burn outcome data available, and it is linkable to
hospital-level nursing data, this is the database chosen for this study. To obtain
a sub-sample of burn patients in the state databases, DRG codes presented in
Appendix B were used to abstract a sample of burn patients from all acute
hospital admissions in each of the study states.
Generalizability
Data on patients, nurses, and hospitals were used to create the analytic
sample for this study. These subjects were drawn from four states that
adequately represent the population of patients, nurses, and hospitals in the
United States for several reasons. First, as previously mentioned, hospitals in
these states represent 25% of the hospitalizations in the country. Second,
patients in this sample were drawn from a total of 3 million patient discharges in
both burn center and non-burn center care facilities. The final linked sample is
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representative of the spectrum of burn care and includes patients of minority
races, rural and urban geographic locations, burn center and non-burn center
hospitals, and registered nurses of all kinds.
Preliminary Studies
To determine if there was an adequate number of patients in a large
sample of hospitals to test the relationship between nursing and burn patient
outcomes, a preliminary analysis of the patient and hospital databases was
performed (Appendix A, Preliminary Studies Table 1). In the preliminary study,
each hospital’s actual yearly volume of burn patients was examined. In
Preliminary Studies (Appendix A, Preliminary Studies Figure 1), it is notable that
most patients in the sample received care at a low volume hospital. When
volume is treated as a continuous variable, the distribution of the average burn
patients per hospital has a right skew, which is likely responsible for the lack of
an appreciable volume and outcomes relationship in Preliminary Studies Table 2.
Closer examination of the sample reveals that of the 14,065 patients, about half
received care in a hospital that would be classified as low volume, or <100
patients per year and the other half in high volume, or >100 patients per year,
which is consistent with the currently established classifications for burn centers.
As a result, a categorical variable was created by taking the total burn patient
volume per year and dichotomizing it in this way. When hospital volume is
treated as a categorical variable, the effects of volume on mortality are much
stronger (Appendix A, Preliminary Studies Table 3).
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Sample
Patient Selection
The final patient sample was drawn from the state discharge data for
patients discharged from hospitals in Pennsylvania, New Jersey, Florida, and
California during 2005- 2006 from the Florida Agency for Health Care
Administration, the New Jersey Department of Health and Senior Services, the
Pennsylvania Health Care Cost Containment Council, and the California Office of
Statewide Health Planning and Development databases. In this combined
database containing over 30 million acute care admissions during that time, a
sample of patients was drawn after restricting the patients to those over the age
of 17. Then, the presence of a burn-related ICD-9 code in any of the 42
diagnostic-related group fields or procedure code fields was used to generate a
sub-sample of 24,435 adult burn patient discharges. Burn patients are often
discharged and readmitted several times during their healing trajectory, and it is
crucial only to count each patient once. The patient sample was further restricted
to include only the first hospitalization of greater than 24 hours for each patient to
ensure the independence of each discharge observation in the sample, leaving a
total of 14,835 unique patients. A categorical variable for transfer status was
generated to account for the transfer of patients from one hospital to another,
and only the first hospitalization observation for greater than 24 hours was
retained. The first 24 hours of burn care impacts survival (ABLS Advisory
Committee, 2015) and it is essential that the care differences present in those
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patients who were cared for somewhere else for the first 24 hours are accounted
for, however, if they were not admitted for greater than 24 hours in the first
hospital, the transfer (receiving) hospital is the index hospitalization used in this
study.
Exclusion Criteria
Inhalation injury without cutaneous burn injury can be related to other nonburn injury mechanisms (Hodgman et al., 2016), and thus was excluded from this
study to maintain diagnostic homogeneity of the sample patient population, and
is consistent with other burn outcome study exclusion criteria (Hodgman et al.,
2016; Holmes et al., 2011; Light et al., 2009; Palmieri et al., 2015). The
pathophysiologic causes of burn patient mortality, length of stay, and functional
recovery are different in children than adults, therefore excluding children <18yrs
from this particular analysis is appropriate (Kazis et al., 2016; Lee, Norbury, &
Herndon, 2012; Palmieri et al., 2015). The youngest pediatric burn patients
typically receive care in a small number (n=4) of pediatric-only burn centers. We
also excluded patients with electrical injuries, as they do not have a coded % of
body surface area burned and would be difficult to adequately risk-adjust in this
secondary data analysis.
Nursing Resources

Nurses are accurate informants about hospital care, which has been
shown through validation studies using independent data on patient outcomes
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(Germack et al., 2015). Nursing data for this study was obtained from the MultiState Nursing Care and Patient Safety (2006) parent study, which contains
responses from nurses in over 750 hospitals. Nurse responses were included if
they worked in an acute care hospital that had >1 burn patient admissions in a
given year, were a staff registered nurse, and performed direct patient care.
Nurse responses meeting these criteria were used to construct hospital patient to
nurse ratios, percentage of nurses with a bachelor’s degree or higher educational
preparation, and nurse work environment measures. Using data from several
nurse respondents that work in the same hospital requires the researcher to
account for clustering and correlation of each nurse’s response with others from
the same hospital. Previous studies using the same database to study patient
outcomes used a threshold of 10 nurses per hospital as the minimum number of
responses per hospital to produce reliable hospital-aggregated data (Aiken et al.,
2002; Friese, Lake, Aiken, Silber, & Sochalski, 2008; Germack et al., 2015).
Thus, the number of nurses responding per hospital in this database was
recorded, and nurse survey responses in hospitals with less than ten nurses
responding were excluded. Finally, to account for the inter-hospital correlations
between nurse respondents, clustered standard errors were included in the final
regression model.
Nurse staffing. Each nurse responding to the Multi-State Nursing Care
and Patient Safety survey indicated the number of patients that were assigned to
them on the last shift they worked. Nurses that indicated they cared for less than
48

one or greater than twenty patients on their previous shift were excluded,
consistent with previous research (Aiken et al., 2003, 2002). These responses
were aggregated across all of the nurse respondents in each study hospital to
estimate an average hospital nurse workload. Using this type of measure
ensures that the staffing variable reflects care at the whole hospital, rather than a
specific hospital unit. Since burn patients often move through different care
areas in a given hospital, the use of a hospital aggregated staffing measure is
advantageous and valid.
Nurse education. Each nurse responding to the Multi-State Nursing Care
and Patient Safety survey self-reported their highest educational level. The
nurses that reported that they held a bachelor’s degree or higher in nursing were
used to construct a hospital aggregated measure of nurse education. The final
measure represents the proportion of nurses in each hospital that are prepared
at the baccalaureate level or higher.
The practice environment. The Practice Environment Scale of the Nurse
Work Index (PES-NWI) was used in this study to represent a composite score of
the practice environment each nurse works within. This instrument is currently
endorsed by the National Quality Forum, and has been extensively validated
(Bonneterre, Liaudy, Chatellier, Lang, & de Gaudemaris, 2008; Friese et al.,
2008; Lake, 2002; National Quality Forum, 2015; Warshawsky & Sullivan
Havens, 2012). Appendix C describes the PES-NWI instrument and its
associated subscales. The survey requested that nurses rank their responses
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based on a 4-point Likert scale ranging from strongly disagree to agree strongly.
Hospital-level means for the overall PES-NWI scale score as well as each of the
subscales were created by taking the median of responses from the nurses in a
given hospital.
Hospital Characteristics
The American Hospital Association database (2006) was used to obtain
information on hospital-level variables such as teaching status, technology
status, and bed size. Hospitals were included in the final analysis if they 1) cared
for at least one burn patient per year during the study period, 2) were able to be
linked to nursing and patient data using a unique hospital identifier code, and 3)
had at least 10 nurses responding to the Multi-State Nursing Care and Patient
Safety survey.
Hospital Surgical Volume

Burn patient volume. Because it is well-established that burn patient
volume affects outcomes and based on this study's preliminary research, a
categorical variable for burn patient volume was created. Low volume hospitals
were defined as a hospital with less than 100 burn patient admissions per year.
High volume hospitals were defined as a hospital with 100 or greater burn patient
admissions per year, consistent with the American Burn Association and
American College of Surgeons thresholds for burn center verification, and
previous studies (Association, 2017; Hranjec et al., 2012).
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The American College of Surgeons and the American Burn Association
offer an elective burn center verification program. Hospitals that have achieved
verification have met all of the criteria described in the American Burn
Association and American College of Surgeons Guidelines for Trauma Centers
Caring for Burn Patients (Association & American College of Surgeons, 2014)
and the published Criterion Deficiencies (Association, 2017) document from the
ABA Verification Committee. They apply for verification, receive a site visit by
burn experts, and are subsequently judged as verified or not by a committee. All
of the burn center hospitals in the sample are also classified as high-volume
hospitals because verified burn centers require a minimum of 100 patients/year
for verification. Verified centers are typically better-resourced and contain the
highest concentration of burn care providers among all hospitals (Zonies et al.,
2010), so a categorical variable for verification status was created to account for
these differences. Only eight of the 21 high-volume burn hospitals in this study’s
sample are not verified centers. The verification indicator variable reflects the
verification status of hospitals in the four states in the sample during the years of
2005-2006. It was created using a published list of verified centers (Pruitt et al.,
2007).
Hospital Structural Characteristics for Risk Adjustment

Hospital risk adjustment characteristics. Consistent with other outcomes
research studies involving nursing care variables, the hospital characteristic
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control variables of technological sophistication, teaching status, and bed size
were created (Aiken et al., 2011, 2002; Silber et al., 2016). Teaching status was
created as a categorical variable based on the number of residents per hospital
bed, with all hospitals >0 residents per bed representing teaching hospitals.
Each teaching hospital was then classified into minor or major, with major
teaching hospitals achieving a ratio of 1:4 residents/hospital bed or greater,
consistent with prior research (Aiken et al., 2011; Silber et al., 2016).
Technological sophistication was defined as a dichotomous variable indicating
whether a given hospital provides organ transplantation and/or open-heart
surgery. The final matched sample contained 14,064 burn patients and 29,586
nurses in 653 hospitals.
Patient Characteristics for Risk Adjustment

Patient Severity Adjustment Variables
Individual characteristics of each patient were obtained from the state
administrative claims databases in California, Florida, New Jersey, and
Pennsylvania. Demographic variables for risk adjustment and sample
description such as age, race, sex, and ICD-9 codes for diagnoses, procedures,
and comorbidities were generated. Additionally, whether the patient had a
concomitant trauma diagnosis or was transferred from another hospital was also
obtained, consistent with prior research (Kastenmeier et al., 2010).
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Injury severity risk adjustment. Age was present for all patients in the
database and was treated as a continuous variable. Race was classified into
black and non-black. Sex was classified as male or female. Transfer status was
obtained by categorizing patients based on their admission source into two
categories, transferred in or not transferred in. All patients in the sample had a
burn diagnosis code in any of the 42 diagnosis code fields. Actual burn size (to
the 1% TBSA) is not evident from ICD-9 coding; however, it was possible to
estimate the size of the burn injury in deciles using existing codes (ICD-9 948.00948.99). To risk adjust patients with thermal burns, an eight-category variable
was created reflecting each decile of burn size (i.e. category 1 are patients with
0-10% TBSA burns, category 2 is 11-20% TBSA burns, category 8 was >80%
TBSA burns, and so on) and one category for the patients with missing data on
burn size. Chemical injuries typically have an associated %TBSA burned, and
thus they were not treated differently in the analytic model. The presence of ICD9 code 508.2 indicates smoke inhalation, code 506.9 is the code for a diagnosed
inhalation injury, code 506.3 is the code for a chemical inhalation, and code
987.9 is the code for toxic vapor inhalation. Because of the aforementioned
issue regarding the precision of coding an inhalation injury, these codes were
queried in the sample and because of a low coding incidence, an established
ICD-9 CPT (967) code for mechanical ventilation (Kerlin et al., 2016) was used to
create a dummy variable for inhalation injury presence, consistent with prior
research (Hussain et al., 2013). Quality checks were performed on this
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dichotomous variable, and no patients had a code for mechanical ventilation
without a code for a burn injury, and no patients with a documented inhalation
injury did not have CPT codes for mechanical ventilation, so it was determined
that each of these patients required mechanical ventilation for some reason
along with a burn injury. The presence of concomitant trauma is a significant
predictor of mortality in other studies (McGwin, George, Cross, & Rue, 2008;
Osler et al., 2010), so the ICD-9 codes 800-905, 910-929, 950-957, and 959
were used to generate a variable indicating whether a patient had concomitant
trauma.
Comorbidities. Adjusting for comorbidities accounts for the baseline
health of each patient before hospitalization. Interestingly, few burn outcomes
studies include comorbid conditions in the risk adjustment model. Because burn
patients are surgical patients, the Elixhauser comorbidity index was used to
adjust for comorbidities in the final model as it has been used previously in
similar populations (Aiken et al., 2002; Wiltse-Nicely et al., 2013) and its
comorbidities, such as congestive heart failure and renal failure, have been
shown to relate to survival from massive burns. A dichotomous variable
reflecting the presence of any of these codes in the secondary diagnosis fields
was used to calculate the comorbidity score, which is represented as a
continuous variable (sum of the number of comorbidities in the Elixhauser Index).
Patient Outcomes
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In- Hospital Mortality
Mortality for this study was defined as all-cause deaths within the hospital
during the index hospitalization. The rationale for studying in-hospital mortality is
that the relatively long hospitalization of burn patients (typically one day per % of
body surface area burned) makes examination of 30-day mortality potentially
problematic, and is consistent with other burn outcomes studies (Holmes et al.,
2011; Light et al., 2009; Palmieri et al., 2014, 2015). Mortality was determined by
reviewing discharge status codes and creating a dichotomous variable for all
patients who died while in the hospital.
Variables and Instruments
Explanatory variables for this study are listed according to their source in
Appendix D. The dependent variable in this study is burn patient risk-adjusted inhospital mortality. The independent variables are the nurse work environment
measures, nurse staffing, education level of nurses, and hospital burn patient
volume category. Control variables included in the multivariable regression
model include patient age, sex, race, the presence of mechanical ventilation,
burn size, missing burn size, concomitant trauma diagnosis, transfer status,
hospital technology level, hospital teaching status, bed size, verified burn center
status, and patient comorbidities as represented by the number of comorbidities
in the Elixhauser comorbidity score.

Data Analysis
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The methods used to test the specific aims and hypotheses of this study
are contained in the following paragraphs. The logistic regression model used to
test the adjusted multivariable analysis is described first with its associated risk
adjustment model. It is followed by the logistic regression models used to test
the effect of interactions between patient volume and nursing resources. All
analyses were performed using Stata (v.14.2, www.stata.com) data management
software.
Specific Aim One
Aim one used multivariable logistic regression methods to assess the
relationship between the independent variables of nurse staffing, education level,
and the nurse work environment and the dependent variable of burn patient inhospital mortality before and after adjusting for the hospital and patient-level risk
factors. First, descriptive statistics were calculated for the patient, nurse, and
hospital sample separately. Categorical variables were analyzed for statistical
significance at the alpha=0.05 level using Chi-square tests and frequency tables.
Continuous variables were analyzed in a similar fashion using means, medians,
standard deviations, and ranges. Correlations for each variable were then
assessed to identify collinearity among study variables.
For the dichotomous outcome of in-hospital mortality, a power analysis
was performed using a clustered test of two proportions in PASS software (v.15).
After the power analysis, it was determined that the final linked sample provides
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80% power to detect a statistically significant difference in mortality odds as small
as 1.21 at the alpha level of 0.05.
The multivariable analysis logistic regression model equation was used to
test the relationships between nursing and burn patient mortality. The regression
equation used to estimate the effect of nursing on burn patient mortality was
lnY= b0 + b1Znursing+ b2C1 ….. + biCi+ e
Where y= the log odds of in-hospital mortality (death in hospital) Z= patient to
nurse ratio, the proportion of nurses with a bachelors degree or higher
preparation, and the work environment score and subscales and C1,2,3,4…is a
vector of all covariates, and the e= error term.
Specific Aim Two
For Aim Two, we added a dichotomous variable reflecting organizationallevel burn patient volume and included that term as an interaction between itself
and features of nursing care to determine if the relationship between burn patient
volume and patient outcomes is contingent on nursing care. Adding the
interaction term into the existing regression equation changed the multivariable
logistic regression equation to:
lnY= b0 + b1ZNursing + b2ZVolume+ b3 (ZNursing * ZVolume ) + biCi + e
With the same vectors of variables stated in the model for aim one, and a new
vector of coefficients associated with interactions between hospital patient
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volume and nursing resources. All output from regression models was checked
for required assumptions, including collinearity, fit, and balance of residuals.
Clustering of patients within hospitals was adjusted for using a Huber-White
sandwich estimator to adjust the standard errors (Rogers, 1994).
Missing Data
Most observational cohort studies have some degree of missing data. It is
well-established that burn outcome observational studies typically have high
rates of missing data surrounding burn size or %TBSA. The degree of
missingness is consistent in both low and high-volume hospitals, and in hospitals
that are verified burn centers. Theoretically, the burn size data is missing at
random, as it is present in all types of hospitals and with all kinds of patients in
most data sets. When the information is missing at random, it is appropriate to
use multiple imputations (Sterne, 2009) to assign data to that missing variable,
given that there is an adequate number of other predictors present for the
patients in which data are missing to predict the lost data's value. Given the
skewed distribution of burn mortality in this sample and the fact that 40% of all
patients are missing burn size, several different attempts to produce a
representative distribution of burn size in this sample using multiple imputations
on the final linked sample failed to produce a distribution of patient burn sizes
that was consistent in proportion with the distribution of patients that were not
missing burn size. Likely, this relates to the fact that the other variables used to
do the imputation are not similar enough in the patients missing burn size to the
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ones with it present and the fact that most patients, in general, have a small burn
size.
Another option is to eliminate the patients that are missing this data,
however eliminating patients with missing burn size would result in a loss of
5,700 patients, and all the information each of those patients contributes in all of
the other variables to the overall model. Therefore, to account for missing burn
size in our final model, a category was created to include all patients that were
missing burn size, and that category could interact with all variables in the final
model in the same way that the complete data categories of burn size did. This
method allowed for a direct description of the relationship between missing burn
size and outcomes and allows the tendency for that variable to be missing to be
accounted for in each predictor in the model. It also allowed for all subjects to be
retained. The results of adding this term will be described further in Chapter 4.
Human Subjects
This study includes secondary data analysis of multiple databases,
including state hospital administrative databases in New Jersey, California,
Florida, and Pennsylvania. These databases contain completely de-identified
information, with no possibility of the data being linked back personally to the
subject from whom it was initially collected. Nursing care data was obtained
using secondary data analysis of an existing Multi-State Nursing Care and
Patient Safety study database from nurses in the same states. The Multi-State
Nursing Care and Patient Safety study database contains de-identified and
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unique-identifier coded information about nurse-assessed quality in each
participant's work setting. It is not possible for the investigator to link this data
back to an identifiable individual nurse participant from whom it was collected.
The Multi-State Nursing Care and Patient Safety study has an existing and
current exemption from informed consent on file in the Center for Health
Outcomes and Policy Research at the University of Pennsylvania School of
Nursing, and IRB approval from the University of Pennsylvania.
A waiver of informed consent is granted when there is no more than
minimal perceived risk to participants in a study, the research could not be
accomplished without the waiver, and the rights and welfare of the subjects in the
study will not be compromised because of their participation. This study meets
these criteria as it is not possible to personally identify any of the participants and
obtaining consent from the 14,000 burn patients and thousands of nurses in the
database samples is not feasible. In a review of the National Institutes of Health
Criteria for exemption from human subjects research criteria, this study meets
items 1, 2, and 4 (research conducted in an educational setting, research using
surveys, and research involving existing data). Additionally, since all data in the
databases is de-identified, it does not violate any privacy concerns as outlined in
the Health Insurance and Portability and Accountability Act (HIPAA). The nurse
sample included in this study was ethically assembled, as each licensed nurse in
all of the states (NJ, CA, FL, PA) had the opportunity to participate in the MultiState Nursing Care and Patient Safety database from their home and without
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organizational or professional coercion. All patients with a burn diagnosis, as
determined by coding, are included in the hospital administrative database
samples. Because all patients with burn diagnoses are included in this database,
there is minimal risk of over or underrepresenting demographic groups.
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CHAPTER 4: RESULTS
Introduction
The purpose of this study was to examine the relationship between
nursing resources, such as nurse staffing, education, and the nurse work
environment and burn patient mortality. In addition to an examination of these
resources, the annual patient volume of each study hospital was also examined
to determine if the effect of patient volume on mortality is contingent on nursing
resources. The study consisted of a multi-level logistic regression analysis of
patients, nurses, and hospitals in California, Florida, New Jersey, and California
during 2005-2006. All adult (>17 years) patients admitted to the study hospitals
with a burn-related diagnosis ICD-9 code were included. Hospitals were required
to have a minimum of 10 nurses responding to the nurse survey to support
reliable measurements of the nursing resources at the hospital level.
There are two main hypotheses tested in this study. First, because of the
nature of nursing care and burn injuries and the documented influence of nursing
care on other patient populations, patients cared for in hospitals with more
favorable nursing resources will have lower odds of mortality than those cared for
in hospitals with relatively worse nursing resources. Second, because patient
volume is a documented driver of burn patient mortality and there is conflicting
and inconsistent evidence surrounding the effect of patient volume on burn
patient outcomes, nursing resources can explain at least some of the difference
in odds of death for patients in a high volume versus a low volume hospital. This
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chapter describes the main findings of this study, including the demographics of
the study population, the relationship between nursing resources and mortality,
and the extent to which any volume and outcomes relationship depends on
nursing resources.
Characteristics of the Study Population
Patients
The final sample size of patients who were admitted with a burn injury that
met the previously defined inclusion criteria was 14,064. Table 1 displays the
characteristics of the patient sample overall, and in high versus low burn patient
volume hospitals. The burn patients were relatively young with an average age
of 49.8 years (Range: 18-101). Overall, most patients were male (64%), nonblack (87%), had public insurance (46%), and were admitted from an emergency
room (61%). They experienced a wide range of burn injuries, with 86% classified
as having smaller burns (<20%TBSA) and 12% requiring mechanical ventilation.
Consistent with prior research, 41% of the patients were missing a DRG code for
burn size. There were significant differences in age, sex, admission source,
insurance type, and diagnoses between low and high-volume hospitals. Patients
in the high-volume hospitals were younger, more often male, admitted more often
from another hospital, and were generally sicker, with more extensive burns.
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Table 1: Characteristics of Patients by Hospital Volume Category

Characteristic
Age, mean (SD)
Male
Race
Black
Inhalation Injury
Mechanically Ventilated

Low Volume
(<100/yr.)
(n=7,149)
N (%)
54.5 (19.2)
4,005 (56)

High Volume
(>100/yr.)
(n=6,915)
N (%)
45.1 (17.6)**
4,939 (71.4)**

All Hospitals
(n=14,064)

962 (13.5)
62 (0.9)

874 (12.6)
187 (2.7)**

1,836 (13.1)
249 (1.8)

N (%)
49.8 (19.1)
8,944 (63.6)

476 (6.7)

1,219 (17.6)**

1,695 (12.1)

Burn Size (%TBSA)
1-9.9% TBSA

1,806 (25.3)

3,807 (55.1)**

5,613 (40)

10-19.9% TBSA
20-29.9% TBSA

305 (4.3)
91 (1.3)

1,266 (18.3)**
429 (6.2)**

1,571 (11.2)
520 (3.7)

30-39.9% TBSA
40-49.9% TBSA

60 (0.8)
19 (0.3)

213 (3.1)**
101 (1.5)**

273 (1.9)
120 (0.9)

50-59.9% TBSA
16 (0.2)
66 (1)*
82 (0.6)
60-69.9%TBSA
4 (0.1)
52 (0.8)*
56 (0.4)
>70% TBSA
17 (0.2)
56 (0.8)*
73 (0.5)
Missing %TBSA
4,831 (67.6)
925 (13.4)**
5,756 (41)
Note: * indicates a p-value <0.05, ** indicates a p-value <0.001. T-test used for continuous
variables, Chi-square used for categorical variables.
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Co-morbid illnesses from the Elixhauser co-morbidity score are displayed
in Table 2. Interestingly, patients in the low volume hospitals generally have
more comorbidities (2.3 average vs. 1.2 average, p=0.00) than those in the highvolume hospitals. On average, all patients in the sample had 1.8 (SD=1.27)
comorbidities from the Elixhauser score. This may reflect the tendency to care
for patients with chronic illnesses in the hospital in their community where other
providers are familiar with their disease management rather than transfer them to
a higher volume center for care, or it may be reflective of the crowding out of comorbidities in the very sick patients with bigger burns that are typically cared for
in high-volume hospitals when using state discharge data with limited data fields.
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Table 2: Comorbidities of Patients by Hospital Volume Category
Low Volume
(<100/yr)
N=7,149

High Volume
(>100/yr)
N=6,915

All
Hospitals
N=14,064
Characteristic
N (%)
N (%)
N (%)
Congestive Heart Failure
671 (9.4)
252 (3.6)**
923 (6.6)
Cardiac Arrhythmia
916 (12.8)
598 (8.7)**
1,514 (10.8)
Valvular Disease
251 (3.5)
97 (1.4)**
348 (2.5)
Pulmonary Circ. Disorder
113 (1.6)
45 (0.7)**
158 (1.1)
Peripheral Vascular Disorder
352 (4.9)
79 (1.1)**
431 (3)
Uncomplicated Hypertension
2,258 (31.6)
1,247 (18)**
3,505 (24.9)
Paralysis
199 (2.8)
106 (1.5)**
305 (2.2)
Neurologic Disorders
570 (8*
389 (5.6)**
959 (6.8)
Chronic Pulmonary Disease
1,443 (20.2)
701 (10.1)**
2,144 (15.2)
Diabetes, Uncomplicated
1,068 (14.9)
533 (7.7)**
1,601 (11.4)
Diabetes, Complicated
708 (9.9)
163 (2.4)**
871 (6.2)
Hypothyroidism
465 (6.5)
152 (2.2)**
617 (4.4)
Renal Failure
489 (6.8)
135 (2)**
624 (4.4)
Liver Disease
266 (3.7)
156 (2.3)**
422 (3)
Peptic Ulcer Disease w/o Bleed
40 (0.6)
17 (0.3)*
57 (0.4)
AIDS / HIV
39 (0.6)
28 (0.4)
67 (0.5)
Lymphoma
40 (0.6)
10 (0.1)**
50 (0.4)
Metastatic Cancer
162 (2.3)
17 (0.3)**
179 (1.3)
Solid Tumor
333 (4.7)
54 (0.8)**
387 (2.8)
Rheumatoid Arthritis
120 (1.7)
44 (0.6)**
164 (1.2)
Coagulopathy
178 (2.5)
186 (2.7)
364 (2.6)
Obesity
494 (6.9)
155 (2.2)**
649 (4.6)
Weight Loss
257 (3.6)
387 (5.6)**
644 (4.6)
Fluid and Electrolyte Disorder
1,436 (20.1)
904 (13.1)**
2,340 (16.6)
Blood Loss Anemia
65 (0.9)
25 (0.4)**
90 (0.6)
Deficiency Anemia
164 (2.3)
33 (0.5)**
197 (1.4)
Alcohol Abuse
690 (9.7)
660 (9.5)
1,350 (9.6)
Drug Abuse
724 (10.1)
527 (7.6)**
1,251 (8.9)
Psychoses
443 (6.2)
187 (2.7)**
630 (4.5)
Depression
977 (13.7)
506 (7.3)**
1,483 (10.5)
Hypertension, Complicated
452 (6.3)
97 (1.4)**
549 (3.9)
Total Elixhauser Score, mean (SD)
2.29 (1.79)
1.22 (1.43)**
1.77 (1.71)
Note: * indicates a p-value <0.05,** indicates a p-value <0.001. T-test used for continuous
variables, Chi-square used for categorical variables.
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Nurses
The demographics of nurses from the Multi-State Nursing Care and
Patient Safety study database are presented in Table 3. The 29,586 nurses
reporting on the hospitals in this study were 44.9 years of age on average, 93%
female, had practiced as a nurse for an average of 16.7 years, and 41% held a
baccalaureate degree or higher qualifications.
Table 3: Characteristics of Sample Nurses (n=29,586)
All Sample Nurses
Characteristic
Registered Nurses

N (%)
29,586 (100)

Age, mean (SD)
Sex

44.9 (10.7)

Male
Female

2002 (7)
27,441 (93)
29,443 (100)
16.7 (11.1)

Years as a Nurse,
mean (SD)
BSN Degree

11,972 (40.5)
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Hospitals
The structural characteristics of the 653 study hospitals are noted in Table
4. Most of the study hospitals were medium in size (45%), and 40% were
classified as large size according to the number of beds. Almost half of the
hospitals (40%) were classified as having a high level of technological
sophistication. About half of the hospitals (47%) were teaching hospitals, and
only 7% were classified as major concerning the number of residents per patient
bed.
Table 4: Characteristics of Study Hospitals
All 4 States
N=653
N(%)

Characteristic
Number of Hospital Beds
Small (<100)
Medium (101-250)
Large (>250)
High Technology
Yes
Teaching Status
None
Minor
Major

93 (14)
296 (45)
264 (40)
260 (40)
345 (52)
262 (40)
46 (7)
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The characteristics of the study population hospitals by hospital volume
are shown in Table 5. Compared with the low volume hospitals, high-volume
hospitals tend to have more hospital beds (91% vs. 39%, p<0.001), have higher
levels of technological sophistication (86% vs. 38%, p<0.001), and are more
often major teaching hospitals (38% vs. 6%, p<0.001).
Table 5: Characteristics of Study Hospitals by Patient Volume

Characteristic

Low Volume
(<100/yr)
N=632

High Volume
(>100/yr)
N=21

All Hospitals

N (%)

N(%)

N(%)

N=653

Number of Hospital Beds
Small (<100)
93 (14.7)
0 (0)**
93 (14.2)
Medium (101-250)
294 (46.5)
2 (9.5)**
296 (45.3)
Large (>250)
245 (38.8)
19 (90.5)**
264 (40.4)
High Technology
Yes
242 (38.3)
18 (85.7)**
260 (39.8)
Teaching Status
None
339 (53.6)
6 (28.6)**
345 (52.8)
Minor
255 (40.4)
7 (33.3)**
262 (40.1)
Major
38 (6)
8 (38.1)**
46 (7)
Note: * indicates p-value <0.05, ** indicates p-value <0.001. Chi-square used for categorical
variables.
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Volume Distribution
The volume of burn admissions in the study population hospitals is
represented in Table 6. On average, low volume hospitals admit 11 patients per
year, and high-volume hospitals admit an average of 329 patients per year. The
average across all hospitals in the study population is 22 patients per year.
Table 6: Hospital Burn Patient Admission Volume

Low Volume Hospitals (n=632)
High Volume Hospitals (n=21)
All Hospitals (N=653)

Mean (SD)

Median

Range

11.3 (9.5)
329.3 (130.4)
21.5 (61.3)

9
366
9

[1-77]
[128-574]
[1-574]
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Nursing Resources
Hospital-level characteristics of nursing care reported by nurses in the
Multi-State Nursing Care and Patient Safety study are presented in Table 7.
Overall, nurses in the study population report an average of 5.1 patients per
nurse, 37% have a baccalaureate degree or higher preparation and report an
average work environment score of 2.76 out of 4. In the five subscales of the
practice environment scale, nurses generally report higher scores in the domains
of quality care foundations (2.93) and nurse-physician relationships, and lower
scores in staffing and resource adequacy (2.53). Low volume hospitals typically
have more patients per nurse (5.1 vs 4.4, p<0.05), a lower proportion of nurses
with baccalaureate or higher education preparation (36.8% vs 48.4%, p<0.001),
and statistically significantly worse nurse-physician relationship scores (2.89 vs
2.99, p<0.05), and worse staffing and resource adequacy scores (2.5 vs 2.6,
p<0.05).
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Table 7: Features of Nursing Care in Hospitals by Hospital Volume
Low Volume
(<100/yr)
N=632

High Volume
(>100/yr)
N=21

All Hospitals

Mean (SD)

Mean (SD)

Mean (SD)

5.1 (1.1)

4.4 (0.9)*

5.1 (1.1)

36.8

48.4**

37.1

Practice Environment Scores
Foundations of Quality of Care
Manager Ability & Leadership
Nurse-Physician Relationships
Staffing and Resource Adequacy
Nurse Involvement in Hospital Affairs

2.93 (0.21)
2.64 (0.25)
2.89 (0.21)
2.52 (0.30)
2.57 (0.28)

3.0 (0.19)
2.68 (0.18)
2.99 (0.16)*
2.62 (0.22)*
2.65 (0.25)

2.93 (0.22)
2.64 (0.25)
2.89 (0.21)
2.53 (0.30)
2.57 (0.28)

Work Environment Overall

2.75 (0.21)

2.83 (0.18)

2.76 (0.21)

Characteristic
Average # of Patients per Nurse
BSN Degree or Higher (%)

N=653

Note: * indicates p-value <0.05, ** indicates p-value <0.001. T-test used for continuous
variables, Chi-square used for categorical variables.
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Correlations Between Variables
Table 8 displays the correlation matrix between the independent variables
for nursing resources and patient volume, as well as the hospital characteristic
covariates. There is moderate collinearity between nursing education and patient
volume (0.45, p<0.05), and having a high level of technological sophistication
and bed size (0.62, p<0.05). As expected, the practice environment scale and its
subscales demonstrate strong collinearity (0.59-0.94, p<0.
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Table 8: Correlations between Nursing and Hospital Characteristics
Independent Variable

1

2

3

4

4a

4b

4c

4d

4e

5

6

1.

Hospital Volume

--

2.

Nurse Staffing

-0.09*

--

3.

Nurse Education

0.45*

-0.13*

--

Practice
Environment
Overall
4a. Foundations for
Quality of Care

0.15*

-0.31*

0.20*

--

0.11*

-0.31*

0.20*

0.94*

--

4b. Nurse Manager
Ability, Leadership,
and Support for
Nurses
4c. Collegial Nurse /
Physician
Relationships
4d. Staffing and
Resource
Adequacy

0.09*

-0.23*

0.16*

0.89*

0.79*

--

0.23*

-0.32*

0.16*

0.79*

0.68*

0.60*

--

0.21*

-0.38*

0.20*

0.76*

0.66*

0.73*

0.63*

--

4e. Nurse
Involvement in
Hospital Affairs
5. Hospital Bed Size

0.11*

-0.26*

0.20*

0.93*

0.86*

0.75*

0.59*

0.68*

--

0.38*

-0.10*

0.35*

0.15*

0.25*

0.05*

0.13*

-0.00*

0.13*

--

6. Teaching Status

0.33*

-0.17*

0.21*

-0.09*

-0.05*

-0.20*

0.12*

-0.16*

-0.13*

0.38*

--

7. High Technology

0.38*

-0.22*

0.26*

0.13*

0.21*

-0.00*

0.12*

0.03*

0.13*

0.62*

0.36*

4.
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Note: * indicates statistical significance (p=<0.05)

74

7

--

Table 9 displays the correlation matrix between the patient and hospital
level covariates and patient volume. Burn size (-0.53, p<0.05) is moderately
collinear with patient volume, which is expected given that the high-volume
centers typically have patients with larger burns.
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Table 9: Correlations between Patient Characteristics and Hospital Volume
Independent Variable
1. Hospital Volume
2. Patient age
3. Patient sex
4. Patient race
5. Burn Size Decile
6. Mechanical Ventilation
7. Trauma Diagnosis
8. Transferred In

1
--0.25*
0.16*
-0.01*
-0.53*
0.17*
-0.06*
0.19*

Note: * indicates statistical significance (p<0.05)
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2

3

4

5

6

7

8

--0.19*
-0.00
0.19*
0.00
-0.06*
-0.02*

--0.04*
-0.11*
0.04*
0.02*
0.04*

-0.02
-0.00
-0.03*
-0.04*

-0.03*
0.05*
-0.10*

-0.06*
0.07*

--0.02*

--

Bivariate Estimates
To aid in understanding the adjusted effects of hospital volume, the
nursing resources, and the various control variables on mortality, we first show in
Table 10 the unadjusted effects of these different factors, which are estimated
using robust bivariate logistic regression models (i.e., a separate model for each
factor) that take account of the clustering of patients in the study hospitals.
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Table 10. Estimates of the Effects of Hospital Volume, Nursing Resources and
Potentially Confounding Factors on Mortality, from Bivariate Models
Odds
Factors
P
[95% CI)
Ratio
High Hospital Volume (100+ Burn
2.86*
<0.001 2.16
3.80
Patients/Year)
Staffing - Patients per Nurse
0.95
0.712
0.72
1.25
Percent BSN
1.37*
<0.001 1.23
1.53
Nurse Work Environment (NWE)
0.96
0.951
0.001 1.48
Age
1.03*
<0.001 1.03
1.04
Sex (Male =1)
0.96
0.631
0.79
1.15
Race (Black = 1)
1.01
0.953
0.73
1.51
Burn Size (10% or less = REF)
…
20%
<0.001 1.64
2.56*
4.01
30%
<0.001 4.17
6.57*
10.36
40%
<0.001 9.30
13.39*
19.27
50%
<0.001 24.77 48.11
34.52*
60%
<0.001 34.29 98.95
58.25*
70%
<0.001 25.16 73.89
43.11*
80% or more
<0.001 41.89 134.60
75.09*
Missing Burn Size
1.01
0.953
0.73
1.40
Mechanical Ventilation
21.47*
<0.001 16.98 21.13
Trauma
0.82
.340
0.54
1.24
Transfer
1.90*
<0.001 1.48
2.43
Elixhauser Score
1.34*
<0.001 1.27
1.42
Minor Teaching
0.97
0.911
0.62
1.53
Major Teaching
1.83*
<0.01
1.20
2.80
High Technology
1.95*
<0.001 1.29
2.93
Bed size = 100 - 250 Beds
0.92
0.833
0.47
1.84
Bed size = >250 Beds
1.82
0.078
0.93
3.54
Verified Burn Centers
2.45*
<0.001 1.68
3.57
New Jersey
0.84
0.638
0.41
1.74
Pennsylvania
0.85
0.547
0.49
1.45
Florida
0.62
0.110
0.34
1.12
Note: Asterisks denote odds ratios that are significant with p< .01. Elixhauser
score is the total number of comorbidities.
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The odds of dying are significantly higher in high volume hospitals, by a
factor of nearly three (OR = 2.86). Neither nurse staffing nor the nurse work
environment appears to have a significant effect on the odds of dying since the
odds ratios associated with them are nearly 1.0 (which indicates no effect), and
the associated probabilities are far in excess of 0.05. The percent of BSNs in the
hospitals does have a significant effect on the odds on dying but is not what was
expected, since the odds ratio of 1.37 indicates that each 10% increase in BSN
nurses is associated with an increase in the odds of dying by a factor of 1.37, or
by 37%. These results are tentative since, as noted, they are derived from
models which estimate them without taking account of any of the control factors
which may confound them, and the odds ratios in the remainder of the table
show that there are many significant ones.
Concerning the patient characteristics used as controls, age has a
significant effect on mortality, though sex and race have no significant effect on
mortality. While the odds ratio of 1.03 associated with age may appear small and
very nearly 1.0, age is treated as a continuous variable in the model, so the odds
ratio indicates the difference in the odds on dying between patients who are only
a single year apart in age. The difference in the odds of dying implied by this
odds ratio between patients who are ten years different – 30 vs. 20 for example,
or 60 vs. 50 – would be 1.039 = 1.30, or a 30% difference in those odds. Sex and
race have no significant effect on mortality. The patient characteristic with the
most sizable effect was, not surprisingly, the size of their burn. Patients were
coded into discrete categories according to burn size, with odds ratios indicating
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that patients with burns over 20%, 30% or 40% of their bodies were between
roughly 2.5 and 13 times as likely to die as those whose burns covered 10% or
less of their bodies. Patients with burns over 50%, 60% 70% and 80% or more
of their bodies were between roughly 35 and 75 times as likely to die as those
whose burns covered 10% or less of their bodies. Because a very substantial
number of patients were missing data on burn size, we created a dummy variable
to contrast patients for whom burn size was or was not available and found no
difference between them (OR=1.01, P = 0.95). The other patient characteristics
which had significant effects, at least in these bivariate and unadjusted models,
included whether they were mechanically ventilated (OR = 21.47, P < .001),
whether they had been transferred from another hospital (1.90, P < .001) and the
number of their comorbidities. For the latter, the odds ratio of 1.33 indicates that
each additional comorbidity increased the odds of dying by a factor of 1.33.
Whether the patient had experienced trauma did not significantly impact
mortality.
For the hospital factors that were used as controls, major teaching
hospitals and high technology hospitals showed higher mortality rates than nonteaching hospitals and low technology hospitals, i.e., the odds of dying in those
two groups of hospitals were higher by factors of 1.83 and 1.95, respectively.
Also, the odds of dying for patients in hospitals that were verified burn centers
were higher than for patients in other hospitals, by a factor of 2.45. Neither bed
size nor the state in which the hospitals were located had significant effects on
mortality.
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Multivariate Estimates (Main Effects Model)
In Table 11 the effects of hospital volume and the nursing resource
measures are re-estimated, in this case using a single robust logistic regression
model that account for clustering and estimate the effects of volume and the
nursing resources net of one another and while controlling simultaneously for all
the potentially confounding factors.

81

Table 11: Estimates of the Effects of Hospital Volume, Nursing Resources and
Potentially Confounding Factors on Mortality, from a Multivariate Main-Effects
Model
Odds
Factors
P
[95% CI)
Ratio
High Hospital Volume (100+ Burn
Patients/Year)
2.19**
<0.001 1.53
3.13
Staffing - Patients per Nurse
1.16
0.123
0.96
1.40
Percent BSN
1.14*
0.037
1.01
1.29
Nurse Work Environment (NWE)
0.45
0.063
0.20
1.04
Age
1.04**
<0.001 1.04
1.05
Sex (Male =1)
1.03
0.812
0.80
1.32
Race (Black = 1)
1.14
0.468
0.80
1.63
Burn Size (10% or less = REF)
…
20%
1.99**
0.001
1.34
2.94
30%
3.53**
<0.001 1.91
6.54
40%
6.21**
<0.001 3.38
11.41
50%
12.73** <0.001 6.04
26.86
60%
30.96** <0.001 14.20 67.48
70%
19.95** <0.001 9.39
42.41
80% or more
59.79** <0.001 27.66 129.23
Missing Burn Size
3.19**
<0.001 2.00
5.10
Mechanical Ventilation
11.17** <0.001 8.02
15.57
Trauma
1.13
0.572
0.74
1.74
Transfer
1.24
0.225
0.88
1.75
Elixhauser Score
1.32**
<0.001 1.23
1.41
Minor Teaching
0.96
0.783
0.70
1.31
Major Teaching
1.14
0.482
0.79
1.63
High Technology
1.50*
0.048
1.00
2.26
Bed size = 100 - 250 Beds
0.50
0.074
0.23
1.07
Bed size = >250 Beds
0.56
0.159
0.25
1.25
Verified Burn Centers
1.17
0.447
0.78
1.74
New Jersey
1.30
0.302
0.79
2.16
Pennsylvania
0.85
0.469
0.55
1.32
Florida
0.65*
0.009
0.47
0.90
Note: Single and double asterisks denote odds ratios that are significant with P<
.05 and P < .01, respectively. Elixhauser score is the total number of
comorbidities.

In this main-effects model, the effect of hospital volume remains
significant, but it is somewhat attenuated by the inclusion of nursing resources
and the other controls. The odds ratio indicating the difference between high and
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low volume hospitals, which was 2.86 in the bivariate model, is now 2.19, or
roughly 25% lower than it was before adjustment. The effect of the percent of
BSN nurses also remains significant and not in the expected direction, with each
10% increase in the percentage of BSN nurses associated with an increase in
the odds of dying by a factor of 1.14, or 14%. The odds ratio associated with the
effect of each additional patient per nurse (OR =1.16) is now in the anticipated
direction- recall that before adjustment it was 0.95- and while has roughly the
same effect as a 10% increase in BSNs, it remains insignificant. The effect of
the nurse work environment in this model approaches significance (P = .06), with
a unit increase in the work environment score producing a decrease in the odds
of dying, by a factor of 0.45, or by 55%.
While some of the effects of controls are no longer significant in this
adjusted model, most of the ones that had significant effects when they were
estimated from bivariate still have large significant effects. The effects of age,
burn size, mechanical ventilation and the number of comorbidities remain sizable
and significant, as does the effect of being in a hospital with high technology.
The most noteworthy changes in the effects of these controls pertain to the
effects of being in a verified burn center, and the effect of having missing
information on burn size. The former is potentially essential, while the latter is
mostly illusory, and a function of how the missing cases are treated in the
bivariate and multivariate models.
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In the bivariate (two variable) model, it appeared that patients in verified
burn centers were more than twice as likely to die as patients in other hospitals
(OR = 2.45, P< .001), while in the adjusted model the difference is small and
insignificant (OR = 1.17 = .447). Since a disproportionate number of the verified
burn centers are high volume hospitals, and since high volume hospitals have
higher mortality than others, the effect of being in a verified burn center is no
longer significant when the volume effect is taken into account. In a separate
bivariate model which estimated the difference in the odds of dying for patients
with and without data on burn size, we found no significant difference between
the two groups (OR =1.01, P = .953). In this adjusted model, we obtain an odds
ratio that is substantially larger and significant (OR = 3.19, P < .001). The
difference in the two estimates is not due to any of the factors that are adjusted,
however, but rather to the fact that in the bivariate model the odds ratio reflects
the difference between the category of patients for which burn size information is
missing with all the patients for which it is not. In the adjusted model the missing
category is being treated as a separate category of burn size, and the odds ratio
thus reflects the difference between a missing category and the category of
patients who were burned over 10% of their bodies. Thus, while patients with
missing data on burn size have higher odds on dying than patients burned on
10% of their bodies, the same is true of every one of the other burn size
categories (i.e., 20%, 30% TBSA). There remains no general difference between
patients with and without information on the size of their burns.

84

Multivariate Estimates (Interaction Model)
In Table 12 the net or adjusted effects of hospital volume and the nursing
resource measures are again re-estimated using a single robust logistic
regression model that accounts for clustering and controls for the potentially
confounding factors, though here additional terms that allow hospital volume and
the three nursing resources to interact were introduced. Before discussing the
effects of hospital volume and the nursing resources indicated by this model, and
the implications of the interactions in interpreting those effects, it is essential to
note that the effects of the control variables in the interaction model are very
similar to their effects in the main effects model.
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Table 12: Estimates of the Effects of Hospital Volume, Nursing Resources and
Potentially Confounding Factors on Mortality, from a Multivariate Model with
Interactions
Odds
Factors
P
[95% CI)
Ratio
High Hospital Volume (100+ Burn
7.11
0.326
0.14
357.23
Patients/Year)
Staffing - Patients per Nurse
0.93
0.628
0.71
1.23
Percent BSN
0.99
0.883
0.84
1.16
Nurse Work Environment (NWE)
1.09
0.866
0.38
3.13
Staffing x Volume
1.4*
0.038
1.02
1.94
BSN x Volume
1.33*
0.021
1.04
1.7
NWE x Volume
0.26*
0.047
0.07
0.99
Age
Sex (Male =1)
Race (Black = 1)
Burn Size (10% or less = REF)
20%
30%
40%
50%
60%
70%
80% or more
Missing Burn Size
Mechanical Ventilation
Trauma
Transfer
Elixhauser Score
Minor Teaching
Major Teaching
High Technology
Bed size = 100 - 250 Beds
Bed size = >250 Beds
Verified Burn Centers
New Jersey
Pennsylvania
Florida

1.04**
1.02
1.1
…
2.02**
3.71**
6.51**
13.21**
33.63**
20.94**
62.32**
3.26**
11.15**
1.12
1.27
1.33**
0.95
1.21
1.54*
0.52
0.6
1.19
1.2
0.81
0.68*

<0.001
0.855
0.594

1.04
0.8
0.77

1.05
1.32
1.58

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.601
0.176
<0.001
0.754
0.309
0.037
0.097
0.232
0.371
0.509
0.285
0.029

1.36
1.99
3.49
6.21
15.28
9.74
28.65
2.05
8.03
0.73
0.9
1.24
0.7
0.84
1.03
0.24
0.26
0.81
0.7
0.55
0.49

3
6.9
12.14
28.09
74.03
45.01
135.52
5.18
15.48
1.74
1.78
1.42
1.29
1.75
2.31
1.13
1.38
1.75
2.03
1.19
0.96

Note: Single and double asterisks denote odds ratios that are significant with
P< .05 and P < .01, respectively. Elixhauser score is the total number of
comorbidities.

To understand the main and interaction effects of volume and the nursing
resource variables in the table, recall that volume is dichotomous, with low
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volume hospitals coded 0, and high-volume hospitals coded 1, while the three
resource measures are continuous, and have been centered on their means.
Thus, the main effect of volume on mortality is an averaged effect across all
hospitals with various levels of staffing, percent BSNs, and work environments.
One way to interpret the interaction terms is that they inform us how much the
volume effect, or the difference between patients high and low volume hospitals,
changes with each unit change in staffing, percent BSNs, and the work
environment. The 0/1 coding of volume renders the main and interaction effects
of the three nursing resource variables simpler to understand and interpret. The
main effects of the three nursing resource variables represent their effects on
mortality in low volume hospitals, while the interaction terms indicate how
different those effects are in high volume hospitals.
The difference between high and low volume hospitals is seemingly
massive (OR = 7.1) but it is not statistically significant since there is a substantial
standard error associated with estimating it, due in part to the fact it varies
significantly across hospitals with different staffing levels, different percentages of
BSNs, and different nurse work environments. None of the effects of nursing
resources are significant as well, at least not in low volume hospitals. The
interaction terms indicate how different the effect of volume is across hospitals
with different resources or how different the effects of staffing, percent BSNs, and
the nurse work environment are in high volume hospitals vs. low volume
hospitals.
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It is somewhat easier to interpret the interaction effects, and probably
more sensible, by indicating what they imply about the difference in the effects of
the three nursing resources in low and high-volume hospitals. The effects of
better staffing, higher percentages of BSN nurses, and better work environments
on mortality in low volume hospitals are non-significant, which means that the
odds ratios of 0.93, 0.99, and 1.09 associated with the three resources could
easily be assumed to be 1.0, which indicates no effect. In high volume hospitals,
by contrast, 1) the effect of each additional patient added to a nurse’s workload
would increase the odds of mortality by a factor of 0.93 x 1.40 = 1.30, or by 30%,
2) the effect of increasing the BSN nurses by 10 percentage points would
increase the odds of mortality by a factor of 0.99 x 1.33 = 1.32, or by 32%, and 3)
the effect of a unit increase in the work environment score would decrease the
odds of mortality by a factor of 1.09 x 0.26 = 0.28, or by 28%.

Summary
In summary, while the bivariate models and the multivariate main effects
model suggest, in addition to an effect of hospital volume, an effect of the
percentage of BSN nurses on mortality but no effect of staffing or the nurse work
environment, the interaction model suggests that hospital volume and all three of
the nursing resources, when considered together, have significant effects on
mortality. Further, the difference in mortality odds between high and low volume
hospitals depends on their nursing resources, and the effect of the three
different nursing resources are sizable and significant in high volume hospitals,
but small and insignificant in low volume hospitals.
88

CHAPTER 5: DISCUSSION
Introduction
This chapter presents a discussion of this study's principal findings. Then,
it integrates these findings with existing evidence to suggest the implications of
this research for nurses, healthcare leaders, and policymakers. Next,
suggestions for future research to extend our understanding of the relationship
between nursing and burn patient outcomes are presented. Finally, it describes
the limitations of this study along with potential improvements.
Discussion of Principal Findings
The first important finding of this study is that nurse staffing and the nurse
work environment are critical in the outcomes of the most severely injured
hospitalized burn patients. Further, we find that the relationship between volume
and outcomes in high-volume burn hospitals is contingent on nursing resources.
These results provide a new contribution to the understanding of the
relationships between nursing resources and burn patient outcomes, and the
interdependence of nursing resources and patient volume in burn patient
mortality.
Previous research suggests an inconsistent relationship between patient
volume and outcomes for burn patients (Light et al., 2009; Palmieri et al., 2015).
Our results provide significant insight into those mixed findings. Most
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importantly, our findings support the consideration of nursing resources in all
burn outcomes research, which was previously largely ignored. The significant
influence of nursing we found likely relates to the complexity of burn care and the
high level of mortality risk that burn patients, by their nature, have.
In the most recent paper that attempts to determine the effect of patient
volume on the mortality odds of burned children, the authors note that worse
outcomes in high-volume burn centers are likely related to a referral bias,
because the most severely injured are cared for in the higher-volume centers
(Hodgman et al., 2016). The same authors note an odds ratio of 1.26 (p<0.05,
95%CI: 1.03-1.60), indicating that each quartile increase in burn patient volume
increased odds of death by 26% (<0.05) (Hodgman et al., 2016). Our findings
presented in Chapter Four of this paper are consistent with this idea. Thus, while
it is still somewhat counterintuitive to see higher mortality odds in the highvolume hospitals, those odds likely represent a patient-level risk that is not
adequately accounted for in risk adjustment models. While all studies of burn
outcomes attempt to account for age, burn size, and inhalation injury, no studies
of burn outcomes have simultaneously included characteristics of patients and
hospitals, and none have considered nursing resources. When we dichotomized
patient volume (low vs. high), we found an odds ratio of 2.19 (p<0.001, 95%CI:
1.53-3.13) for the high-volume hospitals in the risk-adjusted main effects model
including patient, nursing, and hospital characteristics, without interactions
between nursing resources and patient volume, which is relatively consistent with
previous studies.
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In a paper by Silber and colleagues (Silber et al., 2016) the authors
compare the "value" of nursing work environments across surgical patient
populations with different levels of risk, noting that the highest mortality benefit
from better nurse staffing and work environments occurred in patients with the
highest risk of death (4.2% vs. 5.8%, p<0.001) (Silber et al., 2016). Similarly, our
study demonstrated that, in the high-volume burn centers where the most
extensively injured patients are largely contained, each additional patient added
to a nurse’s workload increased the odds of death by 30%. The same was not
true in the low-volume centers, which typically care for smaller %TBSA burn
patients (Table 1).
Research examining the general effect of nurse staffing on surgical patient
mortality demonstrates that each additional patient per nurse increases 30-day
mortality odds by 7% (OR=1.07, 95%CI: 1.03-1.12) (Aiken et al., 2002). The
effect of nurse staffing on 30-day mortality odds for abdominal aortic aneurysm
patients was also found to be significant in hospitals that have a high volume of
these patients; however, the odds ratio was smaller, at 1.13 (p<0.05, 95%CI:
1.04-1.23) (Wiltse-Nicely et al., 2013). The results presented in our study
indicate that the relationship between nursing resources and patient mortality in
high-volume surgical centers relates to their risk of death, given the difference in
odds of death observed for vascular patients of 13% versus 30% in the sickest
burn patients. Our results show a substantial effect of an additional patient
added to a nurse's workload in the high-volume hospitals, likely because the
patients there, by the nature of their injury, are of a very high risk of death.
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Similarly, the relationship between the nurse work environment and
mortality was highly significant in the high volume burn hospitals. We show that
each unit increase (i.e. moving from a score of 3 to 4) in the nurse work
environment score is associated with a 28% decrease in mortality odds in those
hospitals (p<0.05, 95%CI: 0.07-0.99). In the Silber (2016) study of the value of
nurses across different work environments, the authors find that patients
undergoing surgery at hospitals with better work environments generally receive
care of higher value (Silber et al., 2016). The effect of the nurse work
environment also was a critical factor in the effect of nurse staffing on mortality in
the Aiken (2011) study, where lowering the patient-to-nurse ratio is markedly
associated with better patient outcomes in hospitals with good work
environments, and had no effect in hospitals with poor environments (Aiken et
al., 2011).
In our study's sample, on average, the nurses that work in high-volume
hospitals reported work environment scores that were comparable to those
reported in low-volume hospitals (2.83 in high-volume versus 2.75 in the low,
p>0.05) (Table 7). Despite the similarity in average scores, the patients in the
high-volume hospitals experience a differential effect of work environment
improvement that was not observed in the low volume hospitals. Further, the
reduction in odds of death in our study is considerably large in the high-volume
hospitals, at 28% lower. In comparison, one recent study of general surgical
patients reports a much smaller reduction of 8% lower odds of death for each unit
increase in the work environment score (Olds, Aiken, Cimiotti, & Lake, 2017).
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Burn care is generally team-based (Serio-Melvin et al., 2010), and
previous research suggests that teamwork is highly influenced by the work
environment of clinicians in critical care environments (Costa et al., 2018; Kelly et
al., 2013). There is relatively little research examining the association between
nurse work environments and patient outcomes among very complex patients at
a high risk of mortality; our study suggests that examining the association of
nurse work environment in other high-risk patient populations could be very
informative in determining the value of good nurse work environments.
Our results concerning nurse educational preparation require additional
investigation. The association of having a higher proportion of nurses with
baccalaureate degrees was in the opposite direction to what was predicted
based on previous research with general surgery patients (Aiken et al., 2011,
2003, 2014). We found that each 10% increase in the proportion of nurses with a
baccalaureate degree or higher in the high-volume hospitals was associated with
a 32% increase in mortality odds.
The foundational research supporting the idea that nurse educational
preparation influences patient mortality was conducted by Aiken, Clarke,
Cheung, Sloane, and Silber (2003) in a study of general surgery patients. In that
paper, Aiken and colleagues report that after adjusting for patient characteristics,
hospital structural characteristics, nurse experience, and the board certification
status of the surgeon, each 10% increase in the proportion of nurses with a
bachelor’s degree was associated with a 5% decrease in odds of 30-day
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mortality (Aiken et al., 2003). Another paper reports that each 10% increase in
the proportion of baccalaureate prepared nurses in Pennsylvania at two points in
time was associated with two fewer deaths per 1000 patients undergoing surgical
procedures (Kutney-Lee et al., 2013). In a recent study of elderly general,
vascular, and orthopedic surgery patients on Medicare, the authors found that
each 10% increase in the proportion of nurses with a bachelor’s degree was
associated with 4% lower odds of death for individuals without Alzheimer’s
disease, but those with Alzheimer’s experienced 10% lower odds of death
(White, Smith, Trotta, & Mchugh, 2018). This finding likely relates to the complex
care needs of patients with Alzheimer’s disease and the knowledge and skill
baccalaureate or higher-prepared nurses can provide.
Our findings of increased mortality associated with a higher proportion of
nurses with baccalaureate preparation differs from the current literature on nurse
education and complex patient populations. A meta-analysis on this topic reports
higher levels of baccalaureate educational preparation is generally reported with
a modest and significant decrease in mortality odds, but notes that one published
study did not find any significant effect (Liao, Sun, Yu, & Li, 2016). It is possible
that baccalaureate degrees are a proxy for uncontrolled risk as the high-volume
hospitals have both larger %TBSA burn patients and more baccalaureateprepared nurses (37% in the low volume versus 48% in the high volume,
p<0.001).
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A study of cardiac surgery patients undergoing bypass or valve surgery
procedures found that an increased proportion of baccalaureate-prepared nurses
at the unit-level was associated with lower odds of mortality (Van den Heede et
al., 2009); however, this finding was noted in "general care" units, and not
intensive care units. Burn patients are typically cared for in "mixed acuity" units,
comprised of both general and critical care beds, so a direct comparison of this
study with the cardiac surgery patients is not possible. It does support, however,
the idea that nurse educational preparation may be a factor influencing the
mortality of complex surgical patients. Notably, our effect is durable and
significant in all models, including those with and without interactions relating
findings to patient volume.
Implications
There are several clinical implications of this study's results. Our findings
suggest that organizing burn care by patient volume alone is not enough. Nurse
staffing and nurse work environments significantly relate to the outcomes of the
most severely injured burn patients. Currently, the process for developing and
verifying a regionalized high-volume burn center does not include any standards
or recommendations for nurse staffing or work environments (American Burn
Association, 2017). Based on this study’s results, this is an area for
improvement.
Attention to nurse staffing in high-volume burn centers is critically needed.
The current requirement for patient volume by the ACS-ABA burn center
verification program is consistent with this study’s volume category model, with a
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100 patient-per-year threshold considered a “high volume” center (American
Burn Association, 2017). Based on the same categorization threshold, our
results show that staffing is already better in the high-volume hospitals; with an
average number of patients per nurse of 4.4 versus 5.1 in the low volume centers
(p<0.05). The implications for this finding are that nurse staffing in the highvolume centers with high-risk patients is of critical importance, and likely must be
much more favorable than national averages. Nurse managers and
administrators of burn centers should carefully measure and monitor nurse
staffing in burn care areas to ensure that safe minimum staffing occurs, in
concert with a professional nursing assessment of patient needs and nurse
competencies.
The second clinical implication of this study’s results is consistent with the
2004 Institute of Medicine (IOM) Report “Keeping Patients Safe: Transforming
the Work Environment of Nurses” (Page, 2004). The 2004 IOM report calls for
attention to maximizing nurse workforce capability by taking action to promote
safe nurse staffing, support nurse’s ongoing knowledge, decision making, and
skill acquisition, and foster interdisciplinary collaboration (Page, 2004). These
actions are measured by the Practice Environment Scale of the Nursing Work
Index instrument we used in this study. Based on the 2004 report and our
findings, improving the nurse work environment can provide value and would
improve patient outcomes in the high-volume burn hospitals. Currently, no
formal assessment of the work environment is included in any trauma or burn
center designation programs, and despite the 2004 report's recommendations
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(Page, 2004), the recommended improvements to the nurse work environments
in hospitals in general have still not been fully realized (Lake et al., 2018). To
achieve the best possible outcomes for hospitalized burn patients, the hospitals
that care for the sickest burn patients should also act to improve the nurse work
environment. Both nurse staffing and the nurse work environment are modifiable
nursing resources. Hospitals that care for high-risk burn patients should invest in
nurses and improve nurse work environments, recognizing that such an
investment can have a significant effect on burn patient mortality.
Our study overcomes many of the methodologic weaknesses of previous
research on burn care and demonstrates how vital nursing resources are to the
outcomes of yet another population of patients, further adding to the evidence
base on nursing outcomes research. Currently, because of the failure of existing
evidence to demonstrate a positive effect of volume on outcomes, patients are
not consistently transferred to burn center hospitals. Current evidence shows
that 40% of the adult patients (Holmes et al., 2011) and 90% of pediatric patients
(Johnson et al., 2016) meeting published guidelines for transfer are not receiving
care at a burn center. Market-driven forces are currently dictating the care
location for burn patients rather than the location that supports the best outcome.
This study's findings illuminate the previously overlooked and significant factor
influencing burn outcomes of nursing resources. Including nursing resource
measurements in burn outcomes research will make decisions about the best
care location for burn patients clearer, and support investment in nursing in those
hospitals.
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Limitations
There are some potential limitations to be considered in interpreting this
study’s findings. First, the nursing data from the parent nursing Multi-State
Nursing Care and Patient Safety study are, and therefore it does not directly
assess clinical work in the microenvironment where burn patients may have
received care. However, burn patients typically experience many care areas in
their lengthy hospitalization making the hospital-level assessment a more
accurate reflection of their overall exposure to nursing.
Second, data limitations may have resulted in some important variables
remaining unmeasured. This study included as many measurable variables as
possible; including individual patient-level and hospital-level risk factors to
minimize this risk. However, in the absence of a randomized controlled trial,
eliminating this potential bias is not possible, and a randomized trial to answer
this research question is neither feasible nor ethical for various reasons.
The third limitation is that this study used ICD-9 data to derive its patientlevel risk adjustment. With the advent of ICD-10, burn injury coding is much
more specific, and future research using ICD-10 codes may produce a more
precise and complete risk adjustment model for burn size, inhalation injury, and
other injury-associated factors. To appropriately risk-adjust burn patients, their
age, burn size, and the presence of inhalation injury are essential clinical factors
to include. Burn size was missing in a significant number of patients in this
study's sample although we used a categorical control variable for missing burn
size to account for this limitation. Most studies of burn patients report this same
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issue, so while it is a limitation of this study, it is a consistent one in the literature,
which suggests that relating this study's results to existing evidence is valid. If
coding for burn size was compulsory or tied more closely to reimbursement, data
for future studies could be improved. Unfortunately, this is not the reality even in
the most clinically precise databases from elite burn centers.
Finally, because diagnosis and coding for inhalation injury are
inconsistent, we used the presence of mechanical ventilation as a proxy for
inhalation injury diagnosis in our data which is imperfect. While this is a valid
method used in other burn outcome studies (Blot et al., 2009; Ryan et al., 1998),
there was likely a loss of precision in using this method. Like burn size, if the
coding and diagnosis of genuine inhalation injury were more precise and
compulsory, a more robust risk adjustment model could have been used;
however, this is not the reality.
Despite these limitations, our results show a meaningful and significant
relationship between nursing resources and burn patient mortality, for the first
time.
Directions for Future Research
In-hospital mortality was used as the outcome of choice for this study
because data on mortality are reliable and survival from injuries is ultimately the
goal of care. Functional recovery, social re-integration, patient-reported
outcomes, and quality of life measures are also extremely important. While this
study has shown the importance of nursing resources to survival, future research
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needs to investigate outcomes beyond mortality. Future research linking nursing
to these other long-term outcomes would extend our knowledge of the influence
of nursing on patient outcomes and inform the organization of nursing in burn
centers that care for patients from critical illness through recovery and outpatient
management.
The current recommendation is for at least 80% of nurses to be qualified
at the baccalaureate or higher level. This paper treated the proportion of
baccalaureate prepared nurses as a continuous variable, however investigating
this variable to determine whether there is a threshold effect of nurse education
on burn patient outcomes at something like 80% may reveal different results. An
innovative study by Yakusheva and colleagues (Yakusheva et al., 2014)
established a threshold at the individual nurse and patient level of 0.8 and then
matched patients to nurses, reporting that continuous care by a baccalaureate or
higher prepared nurse 80% of the time was associated with lower odds of
readmission (OR= 0.81, p=0.04) and shorter lengths of stay (1.9%, p=0.03) for
patients. Extending this idea to mortality and matching burn nurses to patients in
this fashion may provide new insight into the influence of nurse education on
burn patient mortality.
Future research on burn outcomes should include more clinical detail on
patient injury and other clinically relevant factors. Since this study's sample was
generated in 2005-2006, it relied on ICD-9 codes to determine clinically relevant
factors. The adoption of common data elements, use of data beyond burn
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registries, and a more robust risk adjustment methodology that will likely be
possible with the recent advent of ICD-10 coding may allow researchers to
demonstrate a more precise effect of nursing on burn outcomes in the future.
The ICD-10 data is just becoming available for research, and future studies using
this more granular data in patient-level risk adjustment would more fully extend
the knowledge base for nursing and burn outcomes.
To strengthen the evidence supporting nursing’s influence on burn patient
outcomes, a study design that would allow for causal inference would be ideal.
One future research idea is to design a study that includes an instrumental
variable. An instrumental variable, such as the differential distance from a verified
burn center, could theoretically be used to pseudo-randomize patients to burn
care locations and measure outcomes in a model that includes patient, hospital,
and nursing resources. A similar method was used to examine pediatric trauma
care, and the authors found that care in a pediatric designated trauma center
was associated with a 0.79 percentage point decrease in mortality for children
(Wang et al., 1999). In the absence of actual patient randomization, which is not
ethically possible, using an instrumental variable to study the relationship
between burn center care and nursing resources might strengthen the evidence
base supporting nursing and patient outcomes.
Finally, in our study, we did not find a significant association between care
at an ACS-ABA verified burn center and mortality odds (OR 1.17, p=0.45) (Table
11). In a classic study of inpatient AIDS units (Aiken, Sloane, Lake, Sochalski, &
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Anita, 1999), the authors note that despite the fact that patients were more
seriously ill in the dedicated AIDS units, patients in Magnet hospitals and patients
in dedicated AIDS units had similar odds of death (Aiken et al., 1999). There are
parallels between the AIDS study and this paper’s study. First, patients are more
seriously injured, or “sicker” in high-volume burn centers, like the dedicated AIDS
units. Second, adding one nurse per patient day reduced the odds of death by
50% in the AIDS study (Aiken et al., 1999), which is comparably large and similar
to the 30% higher odds of death we found in the high volume hospitals related to
nurse staffing. Another key parallel between dedicated AIDS units and burn
centers is the finding that desirable nursing attributes of the staff were not based
on characteristics of the nurses themselves, but rather resulted from the
organizational attributes of the care settings (AIken & Sloane, 1997). Burn units
and Magnet hospitals have some organizational attributes in common; including
a more exceptional ability for nurses to have autonomy within their professional
expertise, greater nurse control over their work, and better nurse-physician
communication and relationships. In AIDS units, the nurses "reside in a
somewhat more equal position to physicians than in the case elsewhere, in part
because the needs of AIDS patients, in the absence of a cure, are more in line
with what nurses do best" (AIken & Sloane, 1997, p. 5). While there is a cure for
a burn injury, the nurses in burn units have similar parity with physicians given
that the day to day wound care and the psychosocial recovery of the patient are
largely nursing interventions. To understand the factors that are associated with
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nursing's influence on burn patient outcomes, future research comparing Magnet
hospitals with dedicated burn centers aggregated to the hospital level is needed.
Summary
We find that nurse staffing and the nurse work environment are critically
important in the survival of burn patients in high burn patient volume hospitals.
Significantly, we find that the previously documented relationship between burn
patient volume and in-hospital mortality depends on nursing resources. Our study
provides a valuable contribution to our understanding of the organization of care
resources to promote the survival of hospitalized burn patients, and supports an
investment in nurse staffing and improvements to the nurse work environment to
improve burn patient outcomes.
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APPENDIX
Appendix A: Preliminary Study Tables and Figure
Preliminary Studies Table 1: Sample Demographics and Outcomes
N(%)
Number of Burn Patients

14,835

Number of Hospitals with Burn Patients

733

Average Burn Patient Admissions per Year, mean (SD)
[range]
In Hospital Deaths

21.54 (61.3) [1-574]
498 (3.5)

30 Day In or Out of Hospital Deaths

617 (4.30)

30 Day Death In-Hospital

414 (2.9)

Patients with FTR Complications

567 (3.8)

Deaths after a Failure-to-Rescue Complication

328 (57.9)

Average Patient to Registered Nurse Ratio, mean (SD)

5.7 (2.25)

Average Patient to Nursing Staff Ratio, mean (SD)
Proportion of Nurses with BSN or Higher, mean (SD)
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3.7 (1.1)
0.37 (0.17)

Preliminary Studies Table 2: Actual Hospital Patient Volume and Odds of In-Hospital Mortality
Unadjusted

Adjusted for Patient
Characteristics

Adjusted for Patient
and Hospital
Characteristics
Odds Ratio (p-value)

Number of Patients Odds Ratio (p-value) Odds Ratio (p-value)
per Year
All In-Hospital
1.0 (0.00)
1.0 (0.00)
1.0 (0.01)
Mortality
All 30-day Mortality
1.0 (0.05)
1.00 (0.04)
1.0 (0.35)
30-day In-Hospital
1.0 (0.00)
1.00 (0.00)
1.00 (0.00)
Mortality
• These regression models used only patients with complete data for risk adjustment, and
patient volume was treated as a continuous variable. Patient characteristics include
age, burn size, Elixhauser comorbidity score, and presence of mechanical ventilation.
The hospital characteristics include teaching status, technological sophistication, and
bed size.
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Preliminary Studies Figure 1: Burn Patient Volume of Study Hospitals
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Preliminary Studies Table 3: Categorical Patient Volume and Odds of Mortality
Unadjusted

Adjusted for Patient
Characteristics

Adjusted for Patient
and Hospital
Characteristics
Odds Ratio (p-value)

High Volume
Odds Ratio (p-value) Odds Ratio (p-value)
Hospitals (>100/yr)
All In-Hospital
2.12 (0.00)
1.92 (0.01)
1.91 (0.01)
Mortality
All 30-day Mortality
1.37 (0.01)
1.25 (0.24)
1.07 (0.73)
30-day In-Hospital
2.62 (0.00)
1.90 (0.01)
1.67 (0.03)
Mortality
• These regression models used only patients with complete data for risk adjustment, and
patient volume was treated as a categorical variable. Patient characteristics include
age, burn size, Elixhauser summary score, and presence of mechanical ventilation. The
hospital characteristics include teaching status, technological sophistication, and bed
size. All models account for clustering of standard errors within hospitals.
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Appendix B: Diagnosis Related Groups for Burn Care
2005-2006 ICD-9 Burn-Related Codes
2005-2006 Burn-Related DRGs:
504 SURG Extensive burns or FT burns 96+hrs w/skin graft
505 MED Extensive burns or FT burns 96+hrs w/o skin graft
506 SURG Full thickness burn w skin graft or inhalation injury w cc or sig trauma
507 SURG Full thickness burn w skin graft or inhalation injury w/o cc or sig trauma
508 MED Full thickness burn w/o skin graft or inhalation injury w/cc or sig trauma
509 MED Full thickness burn w/o skin graft of inhalation injury w/o cc or sig trauma
510 MED Non-extensive burns w cc or significant trauma
511 MED Non-extensive burns w/o cc or significant trauma
2005-2006 Burn Related ICD-9 Codes:
940.00-949.99 (Burns)
508.2 Smoke Inhalation
506.9 Resp. disease due to fumes or vapors
506.3 Chemical Inhalation
987.9 Toxic Effect of unspecified gas, fume, or vapor
994.8 Nonfatal effects of electrical current (excluded from study)
Code to approximate presence of mechanical ventilation (for Inhalation injury):
CPT 967 Presence of Mechanical Ventilation
DRG 9471 Burn of Larynx, Trachea, and Lung
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Appendix C: PES-NWI subscale and component items
1. Nurse Participation in Hospital Affairs
• Staff nurses are involved in the internal governance of the hospital
• Opportunity for staff nurses to participate in policy decisions
• Many opportunities for advancement of nursing personnel
• An administration who listens to and responds to employee concerns
• A director of nursing highly visible and accessible to staff
• Career development/clinical ladder opportunity
• Nursing administrators consult with staff on daily problems and procedures
• Staff nurses have the opportunity to serve on hospital and nursing department
committees
• A chief nursing executive equal in power and authority to other top-level hospital
executives
2. Nursing Foundations for Quality of Care
• Use of nursing diagnoses
• An active quality assurance program
• A preceptor program for newly hired RNs
• Nursing care is based on a nursing, rather than a medical, model
• Patient care assignments that foster continuity of care, i.e., the same nurse cares for the
patient from one day to the next
• A clear philosophy of nursing that pervades the patient care environment
• Written, up-to-date nursing care plans for all patients
• High standards of nursing care are expected by the administration
• Active in-service/continuing education programs for nurses
• Working with nurses who are clinically competent
3. Nurse Manager Ability, Leadership, and Support of Nurses
• A head nurse who is a good manager and leader
• A head nurse/supervisor who backs up the nursing staff in decision making, even if the
conflict is with a physician
• Supervisors use mistakes as learning opportunities, not criticism
• A supervisory staff that is supportive of the nurses
• Praise and recognition for a job well done
4. Staffing and Resource Adequacy
• Enough staff to get the work done
• Enough registered nurses to provide quality patient care
• Adequate support services allow the nurse to spend time with his/her patients
• Enough time and opportunity to discuss patient care problems with other nurses
5. Collegial Nurse-Physician Relations
• A lot of teamwork between nurses and doctors
• Physicians and nurses have good relationships
• Functional collaboration (joint practice) between nurses and physicians

109

Appendix D: Table of Variables, Source, Year, and Linking Variables
Dependent Variable
Burn Patient InHospital Mortality

Source
4 State Administrative Claims
Data

Year
2005-2006

Linking Variable
AHA Hospital
Database Crosswalk

Independent Variable
Nurse Staffing
(Patient-to-Nurse
Ratio)

Source
Multi-State Nursing Care and
Patient Safety Study

Year
2006

Linking Variable
AHA Hospital
Database Crosswalk

% of BSN or Higher
Prepared Nurses
Nurse Work
Environment
Composite Score
Domain-specific
Nurse Work
Environment Scores
Burn Patient Volume
(high / low)

Multi-State Nursing Care and
Patient Safety Study
Multi-State Nursing Care and
Patient Safety Study

2006

AHA Hospital
Database Crosswalk
AHA Hospital
Database Crosswalk

Multi-State Nursing Care and
Patient Safety Study

2006

AHA Hospital
Database Crosswalk

4 State Administrative Claims
Data and AHA Hospital
Database

2006

AHA Hospital
Database Crosswalk

Control Variables
Burn Size

Source
4 State Administrative Claims
Data
4 State Administrative Claims
Data
4 State Administrative Claims
Data
4 State Administrative Claims
Data
4 State Administrative Claims
Data
4 State Administrative Claims
Data
AHA Hospital Database

Year
2005-2006

2006

Linking Variable
AHA Hospital
Database Crosswalk
AHA Hospital
Database Crosswalk
AHA Hospital
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AHA Hospital
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Textbook
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2005-2006

N/A
AHA Hospital
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Patient Age
Mechanical
Ventilation
Transfer Status
Comorbidities
Concomitant Trauma
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Hospital Teaching
Status
Hospital Technology
Status
Hospital Bed Size
Verified Burn Center
Status

110

2006

2005-2006
2005-2006
2005-2006
2005-2006
2005-2006

BIBLIOGRAPHY
ABLS Advisory Committee. (2015). Advanced Burn Life Support Course Provider
Manual. Chicago: American Burn Association.
Aiken, L., Cimiotti, J., Sloane, D., Smith, H., Flynn, L., & Neff, D. (2011). Effects
of nurse staffing and nurse education on patient deaths in hospitals with
different nurse work environments. Medical Care, 49(12), 1047–1053.
https://doi.org/http://dx.doi.org/10.1016/j.ijnurstu.2014.08.006
Aiken, L., Clarke, S., Cheung, R., Sloane, D., & Silber, J. (2003). Educational
levels of hospital nurses and surgical patient mortality. Journal Of The
American Medical Association, 290(12), 1617–1623.
https://doi.org/10.1001/jama.290.12.1617
Aiken, L., Clarke, S., Sloane, D., Lake, E., & Cheney, T. (2009). Effects of
hospital care environment on patient mortality and nurse outcomes.[Reprint
of J Nurs Adm. 2008 May;38(5):223-9; PMID: 18469615]. Journal of Nursing
Administration, 39(5), S45-51.
https://doi.org/http://dx.doi.org/10.1097/NNA.0b013e3181aeb4cf
Aiken, L., Clarke, S., Sloane, D., Sochalski, J., & Silber, J. (2002). Hospital Nurse
Staffing and Patient Mortality, Nurse Burnout, and Job Dissatisfaction.
JAMA: The Journal of the American Medical Association, 288(16), 1987–
1993. https://doi.org/10.1001/jama.288.16.1987
AIken, L., & Sloane, D. (1997). Effects of organizational innovations in AIDS care
on burnout among urban hospital nurses. Work and Occupations, 24(4),
453+.
Aiken, L., Sloane, D., Bruyneel, L., Van Den Heede, K., Griffiths, P., Busse, R.,
… Sermeus, W. (2014). Nurse staffing and education and hospital mortality
in nine European countries: A retrospective observational study. The Lancet,
383(9931), 1824–1830. https://doi.org/10.1016/S0140-6736(13)62631-8
Aiken, L., Sloane, D., Cimiotti, J., Clarke, S., Flynn, L., Seago, J., … Smith, H.
(2010). Implications of the california nurse staffing mandate for other states:
Nursing and home care. Health Services Research, 45(4), 904–921.
https://doi.org/10.1111/j.1475-6773.2010.01114.x
Aiken, L., Sloane, D., Lake, E., Sochalski, J., & Anita, L. (1999). Organization
and Outcomes of Inpatient AIDS Care. Medical Care, 37(8), 760–772.
Al-Mousawi, A. M., Suman, O. E., & Herndon, D. N. (2012). Teamwork for total
burn care: Burn centers and multidisciplinary burn teams. In Total Burn
Care: Fourth Edition. https://doi.org/10.1016/B978-1-4377-2786-9.00002-3
American Association of Critical Care Nurses. (2016). AACN Standards for
111

Establishing and Sustaining Healthy Work Environments. Aliso Viejo, CA.
American Burn Association. (2016). National burn repository. Chicago, IL, i–35.
https://doi.org/10.1017/CBO9781107415324.004
American Burn Association. (2017). American Burn Association Burn Center
Verification Review Program Verification Criteria. Chicago: American Burn
Association.
Association, A. B. (2017). American Burn Association Verification Program
Information. Retrieved January 1, 2017, from
http://www.ameriburn.org/verification.php
Association, A. B., & American College of Surgeons. (2014). Guidelines for
Trauma Centers Caring for Burn Patients Guidelines for the Operation of
Burn Centers. In Resources for Optimal Care of the Injured Patient (pp. 100–
106).
Austin, S., Wong, Y., Uzzo, R., Beck, R., & Egleston, B. (2015). Why summary
comorbidity measures such as the Charlson Comorbidity Index and
Elixhauser score work. Medical Care, 53(9), 1–10.
https://doi.org/10.1109/EMBC.2016.7590696.Upper
Bak, Z., Sjöberg, F., Eriksson, O., Steinvall, I., & Janerot-Sjöberg, B. (2009).
Hemodynamic changes during resuscitation after burns using the Parkland
formula. The Journal of Trauma, 66(2), 329–336.
https://doi.org/10.1097/TA.0b013e318165c822
Baux, S. (1961). Contribution a l’Etude du traitement local des brulures ther migues entendues. Paris.
Bennett, K. M., Vaslef, S., Pappas, T. N., & Scarborough, J. E. (2011). The
volume-outcomes relationship for united states level i trauma centers.
Journal of Surgical Research, 167(1), 19–23.
https://doi.org/10.1016/j.jss.2010.05.020
Birkmeyer, J. D. (2000). Should we regionalize major surgery? Potential benefits
and policy considerations. Journal of the American College of Surgeons,
190(3), 341–349. https://doi.org/10.1016/S1072-7515(99)00270-7
Birkmeyer, J. D., Shahian, D. M., Dimick, J. B., Finlayson, S. R. G., Flum, D. R.,
Ko, C. Y., & Hall, B. L. (2008). Blueprint for a New American College of
Surgeons: National Surgical Quality Improvement Program. Journal of the
American College of Surgeons, 207(5), 777–782.
https://doi.org/10.1016/j.jamcollsurg.2008.07.018
Birkmeyer, J. D., Siewers, A. E., Finlayson, E. V. a, Stukel, T. a, Lucas, F. L.,
Batista, I., … Wennberg, D. E. (2002). Hospital volume and surgical mortality
in the United States. New England Journal of Medicine, 346(15), 1128–
112

1137. https://doi.org/10.1056/NEJMsa012337
Birkmeyer, J. D., Stukel, T. A., Siewers, A. E., Goodney, P. P., Wennberg, D. E.,
& Lucas, F. L. (2003). Surgeon volume and operative mortality in the United
States. N Engl J Med, 349(22), 2117–2127.
https://doi.org/10.1056/NEJMsa035205
Blakeney, P. E., Rosenberg, L., Rosenberg, M., & Fauerbach, J. A. (2007).
Psychosocial recovery and reintegration of patients with burn injuries. In
Total Burn Care. https://doi.org/10.1016/B978-1-4160-3274-8.50069-6
Blot, S., Brusselaers, N., Monstrey, S., Vandewoude, K., De Waele, J. J.,
Colpaert, K., … Hoste, E. (2009). Development and validation of a model for
prediction of mortality in patients with acute burn injury. British Journal of
Surgery, 96(1), 111–117. https://doi.org/10.1002/bjs.6329
Bonneterre, V., Liaudy, S., Chatellier, G., Lang, T., & de Gaudemaris, R. (2008).
Reliability, validity, and health issues arising from questionnaires used to
measure Psychosocial and Organizational Work Factors (POWFs) among
hospital nurses: a critical review. Journal of Nursing Measurement, 16(3),
207–230. https://doi.org/10.1891/1061-3749.16.3.207
Brennan, C. W., Daly, B. J., & Jones, K. R. (2013). State of the science: the
relationship between nurse staffing and patient outcomes. Western Journal
of Nursing Research, 35(6), 760–794.
https://doi.org/10.1177/0193945913476577
Brooks Carthon, J., Kutney-Lee, A., Jarron, O., Sloane, D., & Aiken, L. (2012).
Nurse staffing and postsurgical outcomes in black adults. Journal of the
American Geriatrics Society, 60(6), 1078–1084.
https://doi.org/10.1111/j.1532-5415.2012.03990.x
Caputo, L. M., Salottolo, K. M., Slone, D. S., Mains, C. W., & Bar-Or, D. (2014).
The relationship between patient volume and mortality in American trauma
centres: A systematic review of the evidence. Injury, 45(3), 478–486.
https://doi.org/10.1016/j.injury.2013.09.038
Carter, J. E., Neff, L. P., & Holmes, J. H. (2010). Adherence to Burn Center
Referral Criteria: Are Patients Appropriately Being Referred? Journal of Burn
Care & Research, 31(1), 26–30.
https://doi.org/10.1097/BCR.0b013e3181cb8efb
Charlson, M. E., Pompei, P., Ales, K. L., & MacKenzie, C. R. (1987). A new
method of classifying prognostic comorbidity in longitudinal studies:
Development and validation. Journal of Chronic Diseases, 40(5), 373–383.
https://doi.org/10.1016/0021-9681(87)90171-8
Chau, J. P. C., Lo, S. H. S., Choi, K. C., Chan, E. L. S., Mchugh, M. D., Tong, D.
W. K., … Lee, D. T. F. (2015). A longitudinal examination of the association
113

between nurse staffing levels, the practice environment and nurse- sensitive
patient outcomes in hospitals. BMC Health Services Research.
https://doi.org/10.1186/s12913-015-1198-0
Cimiotti, J., Aiken, L., Sloane, D., & Wu, E. (2012). Nurse staffing, burnout, and
health care-associated infection. American Journal of Infection Control,
40(6), 486–490. https://doi.org/10.1016/j.immuni.2010.12.017.Two-stage
Costa, D. K., Valley, T. S., Miller, M. A., Manojlovich, M., Watson, S. R.,
McLellan, P., … Iwashyna, T. J. (2018). ICU team composition and its
association with ABCDE implementation in a quality collaborative. Journal of
Critical Care, 44, 1–6. https://doi.org/10.1016/j.jcrc.2017.09.180
Coste, J., Wasserman, D., & Venot, A. (1996). Predicting mortality in adult
burned patients: Methodological aspects of the construction and validation of
a composite ratio scale. Journal of Clinical Epidemiology, 49(10), 1125–
1131. https://doi.org/10.1016/0895-4356(96)00197-7
DeJong, A., Leeman, J., Middlekoop, E. (2009). Development of a nursing
workload measurement instrument in burn care. Burns, 35(7), 942–948.
https://doi.org/10.1016/j.burns.2009.04.005
DePew, C. L., Gordon, M., Yoder, L. H., & Goodwin, C. W. (1999). The
relationship of burnout, stress, and hardiness in nurses in a military medical
center: a replicated descriptive study. J Burn Care Rehabil.
https://doi.org/10.1097/00004630-199920060-00016
Dimick, J. B., Cowan, J. A., Henke, P. K., Wainess, R. M., Posner, S., Stanley, J.
C., … Blebea, J. (2003). Hospital volume-related differences in aortobifemoral bypass operative mortality in the United States. Journal of
Vascular Surgery, 37(5), 970–975. https://doi.org/10.1067/mva.2003.207
Donabedan, A. (1966). Evaluating the quality of medical care. The Milbank
Quarterly, 83(4), 166–206. https://doi.org/10.1111/j.1468-0009.2005.00397.x
Donabedian, A. (1978). The Quality of Medical Care. Science, 200(4344), 856–
864.
Doud, A. N., Swanson, J. M., Ladd, M. R., Neff, L. P., Carter, J. E., & Holmes, J.
H. (2014). Referral patterns in pediatric burn patients. The American
Surgeon, 80(9), 836–840.
Dries, D. J., Endorf, F. W., Park, G., Park, J., Jeong, D., Jeong, S., … Cox, R.
(2013). Inhalation injury: epidemiology, pathology, treatment strategies.
Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine,
21(1), 31. https://doi.org/10.1186/1757-7241-21-31
Elixhauser, A., Steiner, C., Harris, D. R., & Coffey, R. M. (1998). Comorbidity
Measures for Use with Administrative Data. Medical Care, 36(1), 8–27.
114

Estabrooks, C. A., Midodzi, W. K., Cummings, G. G., Ricker, K. L., & Giovannetti,
P. (2005). The impact of hospital nursing characteristics on 30-day mortality.
Nursing Research, 54(2), 74–84.
https://doi.org/10.1097/NNA.0b013e318221c260
Fahlstrom, K., Boyle, C., & Makic, M. B. F. (2013). Implementation of a NurseDriven Burn Resuscitation Protocol: A Quality Improvement Project. Critical
Care Nurse, 33(1), 25–35. https://doi.org/10.4037/ccn2013385
Faraklas, I., Cochran, A., & Saffle, J. (2012). Review of a Fluid Resuscitation
Protocol. Journal of Burn Care & Research, 33, 74–83.
https://doi.org/10.1097/BCR.0b013e318234d949
Friese, C., Lake, E., Aiken, L., Silber, J., & Sochalski, J. (2008). Hospital Nurse
Practice Environments and Outcomes for Surgical Oncology Patients. Health
Services Research, 43(4), 1145–1163.
Germack, H. D., Griffiths, P., Sloane, D. M., Rafferty, A. M., Ball, J. E., & Aiken,
L. H. (2015). Patient satisfaction and non-UK educated nurses: a crosssectional observational study of English National Health Service Hospitals.
BMJ Open, 5(12), e009483. https://doi.org/10.1136/bmjopen-2015-009483
Haut, E. R., Chang, D. C., Hayanga, A. J., Efron, D. T., Haider, A. H., & Cornwell,
E. E. (2009). Surgeon- and System-Based Influences on Trauma Mortality.
Arch Surg, 144(8), 759–764. https://doi.org/10.1001/archsurg.2009.100
Herndon, D. N. (2007). Total burn care. Edinburgh: Saunders Elsevier.
Hodgman, E. I., Saeman, M. R., Subramanian, M., & Wolf, S. E. (2016). The
Effect of Burn Center Volume on Mortality in a Pediatric Population. Journal
of Burn Care & Research, 37(1), 32–37.
https://doi.org/10.1097/BCR.0000000000000274
Hoehn, R. S., Hanseman, D. J., Chang, A. L., Daly, M. C., Ertel, A. E., Abbott, D.
E., … Paquette, I. M. (2016). Surgeon Characteristics Supersede Hospital
Characteristics in Mortality After Urgent Colectomy. Journal of
Gastrointestinal Surgery, 1–10. https://doi.org/10.1007/s11605-016-3254-4
Holmes, J., Carter, J., Neff, L., Cairns, B., D’Agostino, R., Griffin, L., & Meredith,
J. (2011). The effectiveness of regionalized burn care: An analysis of 6,873
burn admissions in North Carolina from 2000 to 2007. Journal of the
American College of Surgeons, 212(4), 487-493.e6.
https://doi.org/10.1016/j.jamcollsurg.2010.12.044
Hranjec, T., Turrentine, F. E., Stukenborg, G., Young, J. S., Sawyer, R. G., &
Calland, J. F. (2012). Burn-center quality improvement: Are burn outcomes
dependent on admitting facilities and is there a volume-outcome “sweetspot”? American Surgeon. https://doi.org/10.1055/s-2006-931577
115

Hulley, S., Cummings, S., Browner, W., Grady, D., & Newman, T. (2007).
Designing Clinical Research (4th ed.). Philadelphia: Lippincott & Williams.
Hussain, A., Choukairi, F., & Dunn, K. (2013). Predicting survival in thermal
injury: A systematic review of methodology of composite prediction models.
Burns, 39(5), 835–850. https://doi.org/10.1016/j.burns.2012.12.010
Hussain, A., & Dunn, K. W. (2013). Predicting length of stay in thermal burns: A
systematic review of prognostic factors. Burns, 39(7), 1331–1340.
https://doi.org/10.1016/j.burns.2013.04.026
Joffe, M. M., & Rosenbaum, P. R. (n.d.). American Journal of EPIDEMIOLOGY
Invited Commentary: Propensity Scores (Vol. 150).
Johnson, S. A., Shi, J., Groner, J. I., Thakkar, R. K., Fabia, R., Besner, G. E., …
Wheeler, K. K. (2016). Inter-facility transfer of pediatric burn patients from
U.S. Emergency Departments. Burns, 42(7), 1413–1422.
https://doi.org/10.1016/j.burns.2016.06.024
Kastenmeier, A., Faraklas, I., Cochran, A., Pham, T. N., Young, S. R., Gibran, N.
S., … Saffle, J. R. (2010). The Evolution of Resource Utilization in Regional
Burn Centers. Journal of Burn Care & Research, 31(1), 130–136.
https://doi.org/10.1097/BCR.0b013e3181cb8ca2
Kazis, L. E., Lee, A. F., Rose, M., Liang, M. H., Li, N. C., Ren, X. S., …
Tompkins, R. G. (2016). Recovery Curves for Pediatric Burn Survivors:
Advances in Patient-Oriented Outcomes. JAMA Pediatrics.
Kelly, D., Kutney-Lee, A., Lake, E., & Aiken, L. (2013). The Critical Care Work
Environment and Nurse-Reported Health-Care Associated Infections.
American Journal of Critical Care, 22(6), 1–9.
Kendall-Gallagher, D., Aiken, L. H., Sloane, D. M., & Cimiotti, J. P. (2011). Nurse
Specialty Certification, Inpatient Mortality, and Failure to Rescue. Journal of
Nursing Scholarship, 43(2), 188–194. https://doi.org/10.1111/j.15475069.2011.01391.x
Kerlin, M. P., Weissman, G. E., Wonneberger, K. A., Kent, S., Madden, V., Liu,
V. X., & Halpern, S. D. (2016). Validation of administrative definitions of
invasive mechanical ventilation across 30 intensive care units. American
Journal of Respiratory and Critical Care Medicine.
https://doi.org/10.1164/rccm.201605-0953LE
Kim, Y.-J. (2013). Relationship of trauma centre characteristics and patient
outcomes: a systematic review. Journal of Clinical Nursing, 301–314.
https://doi.org/10.1111/jocn.12129
Klein, M. B., Kramer, C. B., Nelson, J., Rivara, F. P., Gibran, N. S., &
Concannon, T. (2009). Geographic access to burn center hospitals. JAMA :
116

The Journal of the American Medical Association, 302(16), 1774–1781.
https://doi.org/10.1001/jama.2009.1548
Knowlin, L., Stanford, L., Moore, D., Cairns, B., & Charles, A. (2016). The
measured effect magnitude of co-morbidities on burn injury mortality. Burns.
https://doi.org/10.1016/j.burns.2016.03.007
Konvolinka, C. W., Copes, W. S., & Sacco, W. J. (1995). Institution and persurgeon volume versus survival outcome in Pennsylvania’s trauma centers.
The American Journal of Surgery, 170(4), 333–340.
https://doi.org/10.1016/S0002-9610(99)80299-2
Kutney-Lee, A., McHugh, M. D., Sloane, D. M., Cimiotti, J. P., Flynn, L., Neff, D.
F., & Aiken, L. H. (2009). Nursing: A key to patient satisfaction. Health
Affairs, 28(4). https://doi.org/10.1377/hlthaff.28.4.w669
Kutney-Lee, A., Sloane, D. M., & Aiken, L. H. (2013). An increase in the number
of nurses with baccalaureate degrees is linked to lower rates of postsurgery
mortality. Health Affairs, 32(3), 579–586.
https://doi.org/10.1377/hlthaff.2012.0504
Kutney-Lee, A., Stimpfel, A. W., Sloane, D. M., Cimiotti, J. P., Quinn, L. W., &
Aiken, L. H. (2015). Changes in patient and nurse outcomes associated with
magnet hospital recognition. Medical Care, 53(6), 550–557.
https://doi.org/10.1097/MLR.0000000000000355
Lake, E. T. (2002). Development of the practice environment scale of the nursing
work index. Research in Nursing and Health, 25(3), 176–188.
https://doi.org/10.1002/nur.10032
Lake, E. T., Hallowell, S. G., Kutney-Lee, A., Hatfield, L. A., Del Guidice, M.,
Boxer, B. A., … Aiken, L. H. (2016). Higher Quality of Care and Patient
Safety Associated With Better NICU Work Environments. Journal of Nursing
Care Quality, 31(1), 24–32. https://doi.org/10.1097/NCQ.0000000000000146
Lake, E. T., Roberts, K. E., Agosto, P. D., Ely, E., Bettencourt, A. P., Schierholz,
E. S., … Aiken, L. H. (2018). The Association of the Nurse Work
Environment and Patient Safety in Pediatric Acute Care. Journal of Patient
Safety, 1. https://doi.org/10.1097/PTS.0000000000000559
Lake, E. T., Shang, J., Klaus, S., & Dunton, N. E. (2010). Patient falls:
Association with hospital Magnet status and nursing unit staffing. Research
in Nursing & Health, 33(5), 413–425. https://doi.org/10.1002/nur.20399
Lasater, K. B., & McHugh, M. D. (2016). Nurse staffing and the work environment
linked to readmissions among older adults following elective total hip and
knee replacement. International Journal for Quality in Health Care : Journal
of the International Society for Quality in Health Care / ISQua, 28(February),
mzw007-. https://doi.org/10.1093/intqhc/mzw007
117

Lawrence, A., Faraklas, I., Watkins, H., Allen, A., Cochran, A., Morris, S., &
Saffle, J. (2010). Colloid administration normalizes resuscitation ratio and
ameliorates “fluid creep.” Journal of Burn Care & Research : Official
Publication of the American Burn Association, 31(1), 40–47.
Lee, J. O., Norbury, W. B., & Herndon, D. N. (2012). Special considerations of
age: The pediatric burned patient. In D. N. Herndon (Ed.), Total Burn Care:
Fourth Edition (pp. 405–414). Elsevier Inc. https://doi.org/10.1016/B978-14377-2786-9.00035-7
Lezzoni, L. I. (1997). The Risks of Risk Adjustment. JAMA : The Journal of the
American Medical Association, 278(9), 1600–1607.
Liao, L. M., Sun, X. Y., Yu, H., & Li, J. W. (2016). The association of nurse
educational preparation and patient outcomes: Systematic review and metaanalysis. Nurse Education Today, 42(32), 9–16.
https://doi.org/10.1016/j.nedt.2016.03.029
Light, T. D., Latenser, B. A., Kealey, G. P., Wibbenmeyer, L. A., Rosenthal, G.
E., & Sarrazin, M. V. (2009). The effect of burn center and burn center
volume on the mortality of burned adults--an analysis of the data in the
National Burn Repository. Journal of Burn Care & Research : Official
Publication of the American Burn Association, 30(5), 776–782.
https://doi.org/10.1097/BCR.0b013e3181b47ed2
Louras, N., Fortune, J., Osler, T., & Hyman, N. (2016). Nontrauma surgeons can
safely take call at an academic, rural level i trauma center. American Journal
of Surgery, 211(1), 129–132. https://doi.org/10.1016/j.amjsurg.2015.05.020
Luft, H., Bunker, J., Enthoven, A. (1979). Should Operations be Regionalized?
The Empirical Relation Between Surgical Volume and Mortality. New
England Journal of Medicine, 301(25), 1364–1369.
Mahmoudi, E., & Chung, K. (2016). Effect of Hospital Volume on Success of
Thumb Replantation. Journal of Hand Surgery, 42(2), 96-103.e5.
https://doi.org/10.1016/j.jhsa.2016.11.020
Mark, B. A., Harless, D. W., & Berman, W. F. (2007). Nurse Staffing and Adverse
Events in Hospitalized Children. Policy, Politics & Nursing Practice, 8(2), 83–
92. https://doi.org/10.1177/1527154407303499
McGwin, G., George, R. L., Cross, J. M., & Rue, L. W. (2008). Improving the
ability to predict mortality among burn patients. Burns.
https://doi.org/10.1016/j.burns.2007.06.003
McHugh, M. D., Kelly, L. A., Smith, H. L., Wu, E. S., Vanak, J. M., & Aiken, L. H.
(2013). Lower mortality in magnet hospitals. Medical Care, 51(5), 382–388.
https://doi.org/10.1097/MLR.0b013e3182726cc5
118

McHugh, M. D., Rochman, M. F., Sloane, D. M., Berg, R. A., Mancini, M. E.,
Nadkarni, V. M., … Aiken, L. H. (2016). Better Nurse Staffing and Nurse
Work Environments Associated With Increased Survival of In-Hospital
Cardiac Arrest Patients. Medical Care, 54(1), 74–80.
https://doi.org/10.1097/MLR.0000000000000456
Mitchell, P., Ferketich, S., & Jennings, B. (1998). Quality Health Outcomes
Model. Journal of Nursing Scholarship, 30(1), 43–46.
https://doi.org/10.1111/j.1547-5069.1998.tb01234.x
Mitchell, P., & Shortell, S. (1997). Adverse outcomes and variations in
organization of care delivery. Medical Care, 35(11 Suppl), NS19-32.
https://doi.org/10.1097/00005650-199711001-00003
Mnatzaganian, G., Ryan, P., Norman, P. E., & Hiller, J. E. (2012). Accuracy of
hospital morbidity data and the performance of comorbidity scores as
predictors of mortality. Journal of Clinical Epidemiology.
https://doi.org/10.1016/j.jclinepi.2011.03.014
Moylan, J. A., & Alexander, L. G. (1978). Diagnosis and treatment of inhalation
injury. World Journal of Surgery. https://doi.org/10.1007/BF01553547
National Quality Forum. (2015). Practice Environment Scale-Nursing Work Index
PES-NWI Composite and Five Subscales.
Needleman, J., Buerhaus, P., Mattke, S., Stewart, M., & Zelevinsky, K. (2002).
Nurse-staffing levels and the quality of care in hospitals. The New England
Journal of Medicine, 346(22), 1715–1722.
https://doi.org/10.1056/NEJMsa012247
Needleman, J., Buerhaus, P., Pankratz, S., Leibson, C. L., Stevens, S. R., &
Harris, M. (2011). Nurse staffing and inpatient hospital mortality. The New
England Journal of Medicine, 364, 1037–1045.
https://doi.org/10.1056/NEJMc1104381#SA1
Olds, D. M., Aiken, L. H., Cimiotti, J. P., & Lake, E. T. (2017). Association of
Nurse Work Environment and Safety Climate on Patient Mortality: A Cross
Sectional Study. International Journal of Nursing Studies, In Press(May).
Osler, T., Glance, L. G., & Hosmer, D. W. (2010). Simplified Estimates of the
Probability of Death After Burn Injuries: Extending and Updating the Baux
Score. J Trauma, 68(3), 690–697.
https://doi.org/10.1097/TA.0b013e3181c453b3
Pacella, S. J., Butz, D. a, Comstock, M. C., Harkins, D. R., Kuzon, W. M., &
Taheri, P. a. (2006). Hospital volume outcome and discharge disposition of
burn patients. Plastic and Reconstructive Surgery, 117(4), 1296–1305;
discussion 1306-7. https://doi.org/10.1097/01.prs.0000204962.85336.51
119

Page, A. (2004). Keeping Patients Safe: Transforming the Work Environment of
Nurses. (A. Page, Ed.). Washington, DC: National Academies Press.
https://doi.org/10.1016/S0140-6736(12)60171-8
Palmieri, T. L., Przkora, R., Meyer, W. J., Carrougher, G. J., 3rd, W. J. M., &
Carrougher, G. J. (2014). Measuring burn injury outcomes. The Surgical
Clinics of North America, 94(4), 909–916.
https://doi.org/10.1016/j.suc.2014.05.010
Palmieri, T. L., Taylor, S., Lawless, M., Curri, T., Sen, S., & Greenhalgh, D. G.
(2015). Burn Center Volume Makes a Difference for Burned Children.
Pediatric Critical Care Medicine, M(4), 1.
https://doi.org/10.1097/PCC.0000000000000366
Pham, T. N., & Gibran, N. S. (2007). Thermal and Electrical Injuries. Surgical
Clinics of North America, 87(1), 185–206.
https://doi.org/10.1016/j.suc.2006.09.013
Polit, D., & Beck, C. (2017). Nursing Research: Generating and Assessing
Evidence for Nursing Practice (10th ed.). Wolters Kluwer.
Pruitt, B. A., Wolf, S. E., & Mason, A. D. (2007). Epidemiological, demographic,
and outcome characteristics of burn injury. In Total Burn Care (pp. 14–32).
https://doi.org/10.1016/B978-1-4160-3274-8.50006-4
Richardson, J. D., Schmieg, R., Boaz, P., Spain, D. a, Wohltmann, C., Wilson, M.
a, … Fulton, R. L. (1998). Impact of trauma attending surgeon case volume
on outcome: is more better? The Journal of Trauma.
https://doi.org/10.1097/00005373-199802000-00004
Rogers, W. (1994). Regression standard errors in clustered samples. Stata
Technical Bulletin, 3(13).
Rogowski, J. A., Staiger, D., Patrick, T., Horbar, J., Kenny, M., & Lake, E. T.
(2013). Nurse Staffing and NICU Infection Rates. JAMA Pediatrics, 167(5),
444–450. https://doi.org/10.1001/jamapediatrics.2013.18
Ryan, C. M., Schoenfeld, D. A., Thorpe, W. P., Sheridan, R. L., Cassem, E. H., &
Tompkins, R. G. (1998). Objective Estimates of the Probability of Death from
Burn Injuries. New England Journal of Medicine, 338(6), 362–366.
https://doi.org/10.1056/NEJM199802053380604
Saffle, J. I. (2007). The phenomenon of “fluid creep” in acute burn resuscitation.
Journal of Burn Care & Research : Official Publication of the American Burn
Association, 28(3), 382–395.
Saffle, J. R. (2007). The Phenomenon of “Fluid Creep” in Acute Burn
Resuscitation. Journal of Burn Care & Research, 28(3), 382–395.
https://doi.org/10.1097/BCR.0B013E318053D3A1
120

Saffle, J. R., Graves, C., & Cochran, A. (2012). Total Burn Care. Total Burn Care.
Elsevier. https://doi.org/10.1016/B978-1-4377-2786-9.00029-1
Serghiou, M. A., Ott, S., Farmer, S., Morgan, D., Gibson, P., & Suman, O. E.
(2007). Comprehensive rehabilitation of the burn patient. In Total Burn Care.
https://doi.org/10.1016/B978-1-4160-3274-8.50052-0
Serio-Melvin, M., Yoder, L. H., & Gaylord, K. M. (2010). Caring for Burn Patients
at the United States Institute of Surgical Research: The Nurses’ Multifaceted
Roles. Nursing Clinics of North America, 45(2), 233–248.
https://doi.org/10.1016/j.cnur.2010.02.001
Shafi, S., Barnes, S., Ahn, C., Hemmila, M. R., Cryer, H. G., Nathens, A., …
Fildes, J. (2016). Characteristics of ACS Verified Level II and II Trauma
Centers. Journal of Trauma and Acute Care Surgery, 7(4), 1–26.
https://doi.org/10.1097/TA.0000000000001136
Shahian, D. M., & Normand, S. L. T. (2003). The volume-outcome relationship:
From luft to leapfrog. Annals of Thoracic Surgery, 75(3), 1048–1058.
https://doi.org/10.1016/S0003-4975(02)04308-4
Silber, J., Rosenbaum, P., McHugh, M., Ludwig, J., Smith, H., Niknam, B., …
Aiken, L. (2016). Comparison of the value of nursing work environments in
hospitals across different levels of patient risk. JAMA Surgery, 151(6), 527–
536. https://doi.org/10.1001/jamasurg.2015.4908
Smith, H. L. (2009). Double Sample to Minimize Bias Due to Non- response in a
Mail Survey Double Sample to Minimize Bias Due to Non-response in a Mail
Survey.
Soleimani, T., Evans, T. A., Sood, R., Hartman, B. C., Hadad, I., & Tholpady, S.
S. (2016). Pediatric burns: Kids’ Inpatient Database vs the National Burn
Repository. Journal of Surgical Research.
https://doi.org/10.1016/j.jss.2015.11.034
Staggs, V. S., Olds, D. M., Cramer, E., & Shorr, R. I. (2017). Nursing Skill Mix,
Nurse Staffing Level, and Physical Restraint Use in US Hospitals: a
Longitudinal Study. Journal of General Internal Medicine, 32(1), 35–41.
https://doi.org/10.1007/s11606-016-3830-z
Steen, C., Slater, J., Quan, A., Snyder, I., Cox, C., Krout, K., & Caffrey, J. (2016).
Addressing the complexity of burn wound care in an effort to develop a
patient acuity tool for the burn unit. In Northeast Regional Burn Conference.
Washington, DC.
Stern, M., & Waisbren, B. A. (1979). Comparison of methods of predicting burn
mortality. Burns. https://doi.org/10.1016/0305-4179(79)90009-3
Sterne, J. (2009). Multiple imputation for missing data in epidemiological and
121

clinical research : potential and pitfalls. BMJ (Clinical Research Ed.), 4, 1–8.
https://doi.org/10.1136/bmj.b2393
Stimpfel, A. W., Sloane, D. M., Mchugh, M. D., & Aiken, L. H. (2015). Hospitals
Known for Nursing Excellence Associated with Better Hospital Experience
for Patients. Health Services Research, (Millenson), 1120–1134.
https://doi.org/10.1111/1475-6773.12357
Stone, P. W., Mooney-Kane, C., Larson, E. L., Horan, T., Glance, L. G.,
Zwanziger, J., & Dick, A. W. (2007). Nurse Working Conditions and Patient
Safety Outcomes. Medical Care, 45(6), 571–578.
Tagami, T., Matsui, H., Fushimi, K., & Yasunaga, H. (2015). Validation of the
prognostic burn index: A nationwide retrospective study. Burns, 41(6), 1169–
1175. https://doi.org/10.1016/j.burns.2015.02.017
Taylor, S. L., Lee, D., Nagler, T., Lawless, M. B., Curri, T., & Palmieri, T. L.
(2013). A validity review of the National Burn Repository. Journal of Burn
Care & Research : Official Publication of the American Burn Association,
34(2), 274–280. https://doi.org/10.1097/BCR.0b013e3182642b46
Traber, D., Herndon, D., Enkhbaatar, P., Maybauer, M., & Maybauer, D. (2012).
The pathophysiology of inhalation injury. In D. N. Herndon (Ed.), Total Burn
Care: Fourth Edition (4th ed., pp. 219–228). Elsevier Inc.
Van den Heede, K., Lesaffre, E., Diya, L., Vleugels, A., Clarke, S. P., Aiken, L.
H., & Sermeus, W. (2009). The relationship between inpatient cardiac
surgery mortality and nurse numbers and educational level: Analysis of
administrative data. International Journal of Nursing Studies, 46(6), 796–
803. https://doi.org/10.1016/j.ijnurstu.2008.12.018
Vercruysse, G. A., Ingram, W. L., & Feliciano, D. V. (2011). The demographics of
modern burn care: Should most burns be cared for by non-burn surgeons?
American Journal of Surgery, 201(1), 91–96.
https://doi.org/10.1016/j.amjsurg.2009.12.023
Walker, Avant, K. C. (2011). Concept Synthesis. In Strategies for Theory
Construction in Nursing (5th ed., pp. 107–118). Upper Saddle River:
Pearson.
Wang, N. E., Saynina, O., Vogel, L. D., Newgard, C. D., Bhattacharya, J.,
Phibbs, C. S., & California, S. (1999). The effect of trauma center care on
pediatric injury mortality in California. Journal of Trauma and Acute Care
Surgery, 75(4), 704–716. https://doi.org/10.1097/TA.0b013e31829a0a65
Warshawsky, N. E., & Sullivan Havens, D. (2012). Global use of the Practice
Environment Scale of the Nursing Work Index. Nursing Research, 60(1), 17–
31. https://doi.org/10.1097/NNR.0b013e3181ffa79c.Global
122

White, E. M., Smith, J. G., Trotta, R. L., & Mchugh, M. D. (2018). Lower
Postsurgical Mortality for Individuals with Dementia with Better-Educated
Hospital Workforce. Journal of the American Geriatrics Society.
https://doi.org/10.1111/jgs.15355
Wibbenmeyer, L. A., Amelon, M. J., Morgan, L. J., Robinson, B. K., Chang, P. X.,
Lewis, R., & Patrick Kealey, G. (2001). Predicting survival in an elderly burn
patient population. Burns. https://doi.org/10.1016/S0305-4179(01)00009-2
Wiltse-Nicely, K., Sloane, D., & Aiken, L. (2013). Lower mortality for abdominal
aortic aneurysm repair in high-volume hospitals is contingent upon nurse
staffing. Health Services Research, 48(3), 972–991.
https://doi.org/10.1111/1475-6773.12004
Yakusheva, O., Lindrooth, R., & Weiss, M. (2014). Economic evaluation of the
80% baccalaureate nurse workforce recommendation: A patient-level
analysis. Medical Care, 52(10), 864–869.
https://doi.org/10.1097/MLR.0000000000000189
Zonies, D., Mack, C., Kramer, B., Rivara, F., & Klein, M. (2010). Verified Centers,
Nonverified Centers, or Other Facilities: A National Analysis of Burn Patient
Treatment Location. Journal of the American College of Surgeons, 210(3),
299–305. https://doi.org/10.1016/j.jamcollsurg.2009.11.008

123

